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METHODS FOR ALTERING THE EXPRESSION OF HYPHAL-SPECIFIC GENES 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present invention is related to and, in accordance with the provisions of 35 U.S.C. 
§ 120, claims the benefit of provisional patent application Serial No. 60/167,672, filed 29 
November 1999, which is expressly incorporated fully herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to methodologies and molecular targets for the 
prevention and treatment of microbial infection of a mammaUan host by altering the 
transcription of hyphal-specific genes. Preferably, these methods and molecular targets may 
be used in the prevention or treatment of microbial infection of mammahan hosts, such as m 
immunocompromised patients at risk for opportunistic fungal infections, organ transplant 
patients, cancer patients undergoing chemotherapy, bum patients, AIDS patients, or patients 
with diabetic ketoacidosis. 

BACKGROUND OF THE INVENTION 

Fungi are not only important human and animal pathogens, but they are also among 
the most common causes of plant disease. Fungal infections (mycoses) are becoming a major 
concern for a number of reasons, including the limited number of antifungal agents available, 
the increasing incidence of species resistant to known antifungal agents, and the growing 
population of immunocompromised patients at risk for opportunistic fungal infections, such 
as organ transplant patients, cancer patients undergoing chemotherapy, bum patients, AIDS 
patients, or patients with diabetic ketoacidosis. The most common clinical isolate is Candida 
albicans (comprising about I90/0 of all isolates). In one study, nearly A0% of all deaths fi-om 
hospital-acquired infections were due to fungi. Stemberg, 266(5191) SCIENCE 1632-34 
(1994). 

The yeast Candida albicans (C albicans) is one of the most pervasive fungal 
pathogens in humans. It has the capacity to opportunistically infect a diverse spectrum of 
compromised hosts, and to invade many diverse tissues in the human body. It can in many 



instances evade ^tib.ot.c treatment and the immune system. Althou^ C. alHcns ,s a 
membe.oftheno™a.flo«oft.emnc„us membranes in the resp.rato.y,gas.omte..„a, and 

female genital traets. m such locat.ons it may gam dominance and be assoctated w. h 
pathololic conditions. Somet,mes,tproducesprogressivesys.emicd,sease,nde.hta,ed or 

immunosuppressed pattents, part.cularly if cell-mediated immunity ts impaired. Seps.s may 
occur in patients witit comprom.sed cellular immunity, e.g.. those undergoing cancer 
chemotherapy or those w,.h lymphoma, AIDS, oro.hercondit.ons. Candida mayproduce 

bloodstream invasion, tbrombophlebitts, endocarditis, or infection of the eyes and v.rtua ly 
any organ or tissue when introduced intravenously, e.g.. via tub.ng, needles, narcottcs abuse. 



etc. 



C alUcans has been shown to be diploid with balanced lethals. and therefore 
probablydoes not go throughasexualphase or meioticcycle. This yeas, appears to be able 

to spomaneonsly and reversibly swi.ch a. high ftequency between at least seven general 
phenotypes.Switchinghasbeen shown tooccurnotonlyin standard laboratory stratus, bu. 

15 also in strains isolated from the mouths of healthy indivtduals. 

oropharyngeal and esophageal candtdiasts are among the most frecue„.oppo.ums.,c 

toga, mfecions observed in human immunodeficiency virus positive (HIV.) and AIDS 
■ pat.ents.occ„,ringinthema,orityofpa.ien.s.Thepa.hogenesisiscomplexand,s.hough,.o 

- involve muWple hos. factors .ha. mclude loss of cell med,a.ed immunity and altered 

20 phagocytic cell activity. The current status of the AIDS epidemic is one of increasmg 
^ nuIerofindividuals,nfec.edandnocure.Manyinfec.edinaividualsmayl.veforalo 

toe with HIV in an esseniially pemtanen. immunocompromised s.ate. Because of the loss 
ofthe cellular componen.ofthe immune system, AIDS patients are susceptible .otnvastonof 

submucosal tissue by C. a,Mcans. The frequency of candidal infeCons may also be a resul. 
25 offteprophylac.icuseofan.,bac.eria,dr„gsusedinAroSpa.ien.s.ominim.zeofter 

opporlnis.icinfec.ions. Candida, infecions tncrease in severi.y and recur more fie,uen^ 
as .he immunodeficiency processes. A,.houghC.«/6,c«. is sensi.ive.oan..fimga,d,.g. 
.ea.men.over,ongperiodsof.ime are required, and iso,a.es from HIV ,nfec.edpa..en. may 

be more resistant that other isolates. 
30 In addi.ion .o HIV affec.ed patien.s, oral candidiasis occurs in cancer patterns, e.g., 

,eu.emiapa..en.s.aswe,lasinpa.,entswi*otherunder,yi„gdiseases.Themostcomm™^^ 

assoctated disease with ora, candtdiasis. however, is denmre stomati.es. whteh ,s generaily 

observed in denture wearers. 
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A feature of C. aWicans growth that is correlated with pathogenicty in the oral eavrty 
is,l,eabi.i.ytotransfomrfronrbudci,„gtof..a™ent-ex.endinggrowth. Fi.arrten.ous fonns 
adhere Jereadi,y.obueca,epit.e>ia,ce,,s(BECs)tha„ budding yeasts, and h.to,og,ca,ly 
areapro^inentfeatureofinvasionofthemuoosa. A,.emative,y,,n mucosal andsystenne 

disease, C. albicans exists as a polymorphic set of growth forms tem,ed yeasts, 
pseudohyphae^dtnrehyphae. h, mucosa, disease, f^amentous forms, partrcul^ly tru^^^ 
hyphae, invade thekeratimzedlayerofdtfferentiated, stratified squamous eptthehum. True 
hiae are septate, cylindnca. structures withparailel sides that are fonnedbyextenston of 
gl tubes wLhemerge.omyeastsin appropriate environmental conditions Therefore 
Lwledgeofthemolecular events tbattransfonnCa^ca. to the pathogemcfiamentous 

form as well as detailed investigations of the hyphal surface at the molecular level are 
necessary for understanding the pathogenesis of candidiasis. 

If left untreated, Candida infections frequently lead to the death of the patterns. 
Nystatin, ke.oconazole, and amphotericin B are drugs whreh are used to treat oral and 
5 systemicCandidainfecti„„s.However,orallyadministerednystatinislim..edtotreatment 

withtn the gut and is not applicable to systemic treatment. Some systemic infectrons are 
susceptib.etotrea.mentwitblcetoconazoleoramphoterioinB,butthesedrugsmayn„tbe 

effective tn such treamrent unless combined w,th additional drugs. Anrphotencm B has 
.lativelynarrowtberapeuticindexandnumerousundesireablesideeffectsandtoxrcttres 

,0 occurevenattherapeutteconcentrations. While Ketoconazole and other a.ole anttfimg^ 
exhibit significantly lower toxicity, their mechanism of action, inachvatton of cytochrome 
P^oprostTetic group incertainenzymesCsomeofwhich are found inhuman^^^^^^^^^^ 
inpa'ents that are simultaneouslyreceiving other drugs that aremetabohzed by the bodys 

cytochrome P„„ enzymes. See, e.g., U.S. Pat. No. 5,863,762. 
,5 Other known antifimgal agents include: polyene derivafives, such as amphotertcm 

' (iucludingHpidorliposomalfotntulationsthereoOandthestruCurallyrelatedcompounds 
„ystatinandpimaricin;flucytosine(5-fluoroeytosine);az„lederiva.ives(includmg 
IconazoKclotnmazole, miconazole, econazole,bu.oco„azole,oxiconazo^^^^^^^^^^ 

tioconazole, terconazole, fluconazole, itraconazole, vonconazole [Pfizer] and SCH56592 
30 [Schering-Plo„gh]).a.lylamines-.hiocarbamates(ineludingtolnaftatenaftifm^^^^^^ 

terbinafine); griseofitlvin; ciclopirox; haloprogin; eohinocandins (mcludmgMK-0991 
;Merck,,iromycins;and,bactericidaVpenneability.i„creas.ngprotein(BPI,, 

U.S. Pat. Nos. 5,627.153; 5,858,974; 5.652,332; 5,763,567; and 5,733,872. 
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Resistance of bacteria and other pathogenic organ.sms to ant.microbial agents ,s an 

aIZnLsiftedhythew.despteaduseorant,hioticsinfannani.a.sandovetprescnpo„ 

o;l;ot.csb.ph.s.cians,hasbeenacco™panieah.« 
withdifferenttnodesofaction. Travts J.. 264(5157) Science 360-374 (.99 ). 

h,deed. there isancedfor^effectivetteatntcntofopportunisticnfecttonscausedb, 

C„/..„„. for the aforententtoned reasons. Therefore, one ob3ec,iveofthe present tnventton 

is to provide screening assays for identtfytng potentta, inhibitors of C alMcans ^owth. 

Another object of the present invention is to identify potenfa, i.*ibitors of C albicans 

growth that are based on the alteration of transcription in this orgamsm. 

Whetherpathogenic or opportuntstic, microorganisms have evolved numerous 
mechanisms to factlitatemeir establishment and proliferation in mammahanhostsjor 
example, duringinitialintection. .he interactionbetween the m.croorgan,smand.hehos my 
:clude:ttachmentoradhesionofthemicroorsanismto.hebostce„s„rface.mvasto„ofthe 

host cells by the microorganism, and an elaboration of toxins by the mic^organtsm. In 
certain instances, the microorganism-host cell interaction may be specific or non-spectfic. 
;;,cal,y,aspecificmicroorganism-hostcelHnteractt„nmayinvo,vethespec.fic m m^ 
thLcroorganismtoaspecificreceptororreceptor complex expressed on thehostceU 

the host cell, leading to the progression of infection. 

The role of host cell molecules involved in certain microbial interacttons has been 
determmed in some cases. Mammalian transglutaminases are examples for whtch the 
Lecularmechanismsofaction and/ortheroleinhostcel, growth and development ave 

heene,uc,dated. Generany,transg,u.aminases are enzymes that catalyse mtermolecl. 
; crosslinksbytheformationofhighlystableisopeptidebondsbetweenthey-carbonylgropof 

glutamine and thes-^inogroupoflysine residues, which are resistance to protep sodm- 
Lecyl sulfate, andheat. Epithelial eel, transglutaminases are important for the formafonof 

the comified envelopes ofmature squamous epitheihal cells. 

investigators have shown «tat certain microorganisms may express prote.ns capable 
0 „fac.ingassubstra.esformammaliantr.sglutaminases.Oneexamp,eistheh^a^^^^^^ 
hyphalwallproteinKHWPDofC. is a developmentally-regu ted cell 

w^l protein that is expressed exclusivelyin true hypha in cultures and in antmalttssues. 
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S,aabe,a,.,2B3(5407)Sc,B.CB.535-3S(1999).S..abe.a,.,27Un,.B,O..CHBM.«9S- 

305 (1996); Staab & Sundstrom, 14(7) Yeast 681-86 (1998). 

HWP, consists of an N-.enn,na, proUne and glu.a™ine-rich repemlve annno acd 
secuence. which is exposed on thehypha. surface, andacell wall-anchored serineand 
5 lhreo„i„erichC-tem,inus.Theco.posi.ionof,heN-.em,inalan,inoacidrepea,. 

.e.iniscen.ofn,a™n.alian«ans..u.am,nasesubs.rates. «rp; has a profound effec. on 
dherenceofC...«c.„..oBECsU.oughanovelnrechanisn,.haUnvolves ostenzy™ . 
led,..P;n.ayserveasasubs,ra.e,n.ransglu.anrinase-.edia.edcross-l.nlc.nsreach^ 
a^erehfomnngisopeptide bonds .oproleinsonthesurfacesofhos. cells. Funhermore. 
:0 HWPX encodes an uncoventional adhesin that is necessary for the pathogenes.s of 

candidiasis. - 

Therefore, by defining the molecular events leading to the expression of a 
pathogenically itnportan, adhesin, and throu^ the identtfication of new genes that are co- 
iLwith...linaputativeglobalregulatoryc.rcui..thepresentinve.r^^^^^ 
■ ,5 noltial for identifying new and novel ways to interfere with candidrasts. Thelongtenn 
" ::"er.tsofi;esen.— n.^^^ 

' .herapiesbasedonnewlcnowledgeabou.expressionofhypha-spec,ficgenes,nC.*.c.„.. 

Accordtagly. an objective of the present invention inchtte .demifyng and 
^3|V^character,zi„gthe5-and3'se,ue„cesflan.ingtheW.. — Sene.^^^^^^^^^^^ 

„bjectiveofthepresen..nventionincludestheinde„tificationandcharactertzat.onofDNA 

= Hndingproteins(DNABP)thatregulatetranscnp«^^^^^^^^^ 

Other objects, features and advantages of the present invent 
ftont .he following detailed description. The detailed description and .he specific exatnples, 

however,ind,cate onlypreferredembodintentsofthe invention. Vanous Changes^ 
25 modificationswithinthespiritandscopeoftheinventionwinbeconteapparenttothose 

skilled in the art fi-om this detailed description. 

SUMMARY OF THE INVENTION 

A specific embodinren, of the present invention relates to a ntethod for — 
30 withtheexpression„fhyphal-specificgenesi„a,Ungus,whichresultstnthe.nhtbu,<«„*^ 
^owthof.hefitngus.Thispar.icularentbodintentofthepresen,invent,on.sacco™phshed 

by interferrng with the .ranscrip.ion of hyphal-specific genes mediated by cis acttng 
!e;:nces.Lpartic„lar embodiment, the .nguscomprisesapathogenic or nonpathogemc 
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yeast strain. Specificany,.hepa.hosen,c fi^ngus comprises C.«/«c«„..Inaft«^^^^^ 
Lbodin,e„t of the present invention, the c.. acting sequences comprtses ^-regulatory 
sequences, specifically, a UAS and a URS. 

U. another embodiment of the present invention, the interfering step comprtses 
interfering with DNA BP that b.nd to the ^-regulatory elements. Further, the interfenng 
:::;compr.seinterfenngw.ththeregulatoryprotet„s 
ye, the interfering step may comprise manipulating factors that interfere w.th the 

tra:scriptionofthehypha,-spec,fic genes. ^ * "77;;. 

manipulatingthe signal transducon pathways that influence the transcnpttonofthehyphal 

''"'Traltemative embodiment, the present invention contemplates a method of 
interferingwiththeDNABPbymanipulatingthebindingoftheDNABPtothec,.- 

Igulatory elements. Furiher, thts embodiment may compnse interfering w.th the expr es.on 
ofThemABPorbyalteringtheabilityoftheDNABPtobindtothetargetc-regulatory 

element. Further yet. the C-regulatory elements comprise the NIT2 binding s,te. 

toan additional embodimentofthe present invention, the DNABPts encoded bya 
nucleotide sequence for the DNAbtnding domain that is homologous toanucleoude^ 
sequence that encodes theDNAb,ndmgdoma,noftheN:T2bindmgpro.m.Spec^^^^^^ 

J...bmdin.domaincompnsesthepro.etnsequ.ce,i^^^^^^^^^^ 

The DNA BP may be selected from the group conststtng of GAT99, GATt, an 

"rherembodimentofthepresent invention, manipulatingenvironmenta, factors. 
Regulation ofthe environmental factors maycompriseregulatingtheenviromnenta. 
ter^peratureofthefitngus and/or modifying the mtrogen available to the fungus. Afirrther 
embodimentofthe present invention comprises manipulating the signal transducnon 
pathways that influence the transcriptionofthehyphal-speciftc genes. Spec.fically,.he 

si^al transduction pathway comprises the cAMP-dependant signalling pathway. 

:„aparticularembodimentofthepresent,nvention,thehyphal-spec,ficgenesmaybe 

selected from the group consistingof//y.l,£CEl,^«, CHS., andSA^6.Spec« 
the hyphal-specificgeneofthe present invention comprises nrPl.Inafitrtherembodtment 

ofthepresent invention, theS- andS' flanking sequences have been detemrtned. 
Specifically the 5' flanking sequence otHWPl comprises the sequence hsted m SEQ. ID. 
Tl 3- flanktng regton comprises the sequence listed in SEQ. n>. NO: 4. Furiher, 



-6- 



the hyphal-specific genes comprises genes respons.b.e for controHing dimorphism. In 
partilar^hyphai-specific gene. WP. encodes an unco„ven.,onaladHesi„ .ha. maybe 

essential for adhesion of fte fungus .o .he pa.ien.. 

In ye. a fur*er embodimen. of .he presen. invention, the pa.ien.s may be 
immunocompromised and a. ris.foroppor.umst,c toga, infecttons. in particular .hepa..en, 

„ay be bu. is not limtted .o. an organ transplant recpient. a cancer patient undergotng 
chemotherapy.abum patient, an AIDS patients. orapatientwithd,abeticlcetoactdos.s. 

to a final embodiment, the present inventton provides a methodology for 
characterizing genes under the control ofDNA BP .nafimgus. This embodi,.enns . 
accomplished by creatingagenomtc librae ■solatedfroma^ngus.spec.ficallyC.a^.-ca., 

screening the genomic library, and isolating and sequencing the resultant clones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

PIGURE 1 illustrates the pHWPlURA3 plasmid containing an interrupted HWP, gene^he 
plasmid was constructedbyfirs. isolating two genomic BamHI fragments con.a.mngH^T'l 

rallonesfromagenomiclibraryconstructedtnLambdaOBM-I. TheaamH f^^^^^^ 
were then cloned in pBIuescrrptSK" (Stratagene, La JoUa, CA) to generate a 1^ kb mseri »d 
a30kb insert. An uninterrupted KITPI gene was created by Hgating the 3.0 kb msert to 
, LpOBHWPI. A„.nac.iveW.Igenewascreatedbyrep.acingW..DNAbetween 
..eBcLdBginsi.es(394bp)wi.hthe4.0.bhisO-UI^3-hisGcassette^Thesegm^^^ 
fromAtoBandEtoFareHmDNA;.hesegmen.fromB.oCandD.oEare.heh,sG 

„ and .he se^em ftom C .o D is URA3. Digestion with Hind III released the 
disruption cassette from the vector sequences. 

' piGI,RE2iUustrates.heroleofH,.Pi in heald. of mice orally colonized with C. .moans. 
Gnoiobiotic nude mice that received C../.>c.„. strains withH^PI were more proneto 
failure to thrive thanmice that received the C.a/«c«„.Aw;,lnullmutantstratn. only twoof 
sevenbeigenude mice given .heH«'PI-con.aimnghe,ero.ygousC../.,ca^s«am and on^^^ 
offour mice given the ^rnrevertant remained healthyfor Six weeks. Onlytwoo™ 
that r^eived the ..W null mutant strainofC.—.becamei,l.Thesurv.valdtff^^^^^^^ 
between groupsofmicethatreceived the H«'WheterozygotestrainCAH7comparedt„«. 
L,.„urmutan.wasstat,stioanysi^ificant(P<0.05). The combined groupsormtce that 
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received the HWP, containing heterozygous and revertant. also " 

.iffetence in surv.va, t^n. ntice rece.vtng the WW nnU n-utant strain. The ahsen e of a 

Significant d,fferencein the survival oftnice that received the revertants^atn and t« 

nu^mutant ,P . O.OSS) was because one of the ntice was sacrifice., for — n 
to beconnng ill. When this mouse is removed from the analysts, the survtval d.fference 
lint!. andrevertan.issig„ificant.Xhesurv,va.ofBpsiion .amice aisodep^^^^ 

the presence oiHWP, in C. albicans stntins used for monoassociation. All m.ce 
rece-veaK^P.-containingheterozygous C.a/*,c.«. strains andfouroffivemtcegtven the 

H^P^revertantstratn became ill. Only one mouse that received the revertant stratn 
lainedhealthyfor seven wee.s. in contrast, noneofthe five mice that recetved the W.; 

nun mutant strains of C. alMcans became ill. The survival differences between group of 
mice that received the/frWheterozygote and revertantstrains compared to the null 

mutant were statistically significant ( P < 0.01). 

HGURK3depic.s the secuenceoftheS-flan^ngregtonof^^Pl. The upstream rcgionof 
K,.P. containing the re^latory sequences has beeniso,atedasal.6Bginfrasm^^^ 
C „,Mc..genom,cDNA. The cloned H^Pl ptomoter region includes 1 .467 .b ups re^ 
ofUteATG star, codonofthe structural Hr« gene. AputattveTATAbox was found 67bp 

upstream form the beginning of the transcript. 

' p,GUI«4nius.ratesthefeaturesofthec,ones5-fla„kingregionof.he.,«'.lgenetSEQ. 
n> NO- 11 A10nucleotideperfec,directrepea.wasfo»tda.positions554and567. A 
TATAboxwas found67bp upstream from the beginningofthe transcript. Asearchusmg 
rhe MatInspee.orvZ2pro^amrevealed.hepresenceof.6Nm sites 2PHOs,te.. 

5 MATA.site,andlHSFsitewithin.he..467bp5-£lanlcingregion.Thepos,t,onand 

lc.,onoftheNms,tes.eshownwit,^ ^---^-'^^-'^^''TTlu. 
designated br ■ - . -d the CRE site within the PH04 site is shown by ^ . A notab. 
LTeisaplofNm sites in opposite onentations near position SOO that form an almost 

perfect palindrome on opposite DNA strands. 

p,Gl)RE5inus.rates.hecompartso„betweentheGAT99 50-residueDNAbindingdomain 

[SEQ. ID. NO: 2] with the N1T2 50-residue DNA binding domain [SEQ. ID. NO^ ^ 
LarchoftheC. genomerevealedthatGAT99ishighlyhomo,osoustoNlT2. Usmg 
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.he ALIGN progran.. 92% homology was observed between *e.woDNAb,„d.ng—. 

(«c.s.i„e.esMues,„voWeain.^^ 
2res*eLl.e — wb.cbwbe„aUe.ai„AKBAa„aNm,ea.o~cb^^^^^ 

in promoter recognition. 

„6mus.a.es U44:nuc,eotiaesofme3'flanKi„gre,o„ofH^.USEQ.n,.NO^^^^ 
^^^l,atio„of«^..endswi.haUAAcodonfonowedwi*277„uc,eo.,desofu„— 
He Apo..ade„y,at,o„sUe(AAUAAA)252 nucleotides fro,„ the „„c.eoUdes.o™«. 

: eoL;„dapo,.Atano.ade„os.nes.ea,sopano.«,e3-..^^^^^ 

polyadenylation site and other sequences potentially important for 3 end format.on 
linhoia. At—open read,ns.a.e(boia-italics)co„sistingofn« 
Tginningw-thATGanatnterrupteabytheBamHIsiteattheenaofthecloneCunaerUned), 

exists at the 3' ena of this region ina,cating the presence of an aaaitional gene. 

; FiGURE7depictsaNorthemblo.of/^PW>lmRNAthreehoursafterin,tia.ionofmass 
conversion fron. yeasts to hyphae(st„inSC5314,inM,99. Each lanes contatns 2. .gof 

total RNA TO confirm a>e presence of equivalent amounts of RNA ,n each lane, an 18S 
Xralprobewasuseaasacontrol. Theblots.ere first probedwith«^c«^ 

represents he 5' region of the stntetural gene. The blot has been overexposed to show that 
XrnLAisdetec.ab.ewithin20nrinutesa„dat7hrsofplacingce,,sunaer — 

conditions (HWP^ mRNA is clearly visible in the autoradiograph, but is fatnt tn the 
It uction).Themessage level increases dramaticallyb 

:::ltorise,peal.ngat3-4hours.Afier4hours,theH.nntKNAbeg,nstodecl.ne 
until 7 hours where it stabilizes at a low level. 

PlGURE8inus.ratestheplasn,iaconstruc.ionforme//r«promoterstuaies. 

TVie entire resion of KWl was amphfiea 
PBluescriptSK-wasuseaasthebackbone. 2. Theenttreregto 

using oUgonucleotides that incorporated Sma 1 and Hind III sites to the ends. The PGR 
using ougo HTTl,«dSmaI 3 TheaigesteaPCRproauctwasclonea 

proauctwasthenaigestedwtthHmdinandSmal. 3. in g 

LpBluescriptaigestedwithHincnandHindni.creatingpBS5 . 4. A GFP gene 

Uentwasproaucedbyaiges.i„gpYGFP3withH.nanianaPstI. 5. The dtges ted GFP 

Talent was lonedintopBS5-.ha.hadbeen digested with HinamanaPst,crea.,ng 

puTgFP e.The3.regionofKr/..wasan,p,ifiedw,.hano,igonucleo.idetha.ehnnnates 
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*eHindn.si.edow„s.ea.of.he™KKAe„d.Thefrag™e„.wase.po^^^^^^^ 
pol^erase .oge„erateb,u„, ends, foUowedbydigest,o„w,.h sac. The HJ^^ 

Llent was cloned .„» pUTGFP that had been digested w.th Sma I and Sac I. crea. ng 
p^GFP3^ Th.c.onings..ateg. ensued that theW.n-endwou.he — ™^^^^^ 
plidin.heproperorienta.,on. 7. Eno:URA3 was antplif-ed with ohgonuCeohdes that 
::KpnIsiL!ttheends.TheURA3PCRprod.ctwasdigestedwithKpn:a„dc,o„ed 

i„toaKpnIdigestedpU7GFP3.,creat>ngpHWP.GFPl. S. — 
pHPWlGFPl. contains 1.467 bp oiHWPX upstream flanldng sequences, 352 bp of 
Lnstteant flan.,ngse,ne„ce, and theC./.c».en„lase gene disrupts w..*^^^^ 
„,«c..URA3 gene. The UKA3 gene was used for selection tn the «.«5stra,nCA,4and.o 

target one of the ENO gene loci of C. albicans. 

„9iUustrates the integration ofpHWPlGFPl into the cht^ntosomeofC^^^^ 
theenolase locus. pHWPlGFPl was Hncari.ed with Clal and then used to transform the Ura 
11 CM4 The linearizedplasmid was targeted .0 the ENO locus inthe genome u.„g 
XoP-— tio„,resulting.na,nutatedcopvoftheeno,asege„ed.s™^^^^^^ 
4a3 adjacent toawild type copy. The transfonnants will be selected on™e.lac,.„^^ 
!^„e. Icontrolplasn.idlac.ingH^'P. upstream region was used asanegafve control. 

F1G13RE 10 depicts a Southern blot .0 show the stable integration of the HWP^ 
Zo-GFPconstructattHege„onticen„laselocus,nUra-st».CM4.^— 
Ipheroplasttransforntation, two tr^sfonr-ants were produced, GFP1/C2 and GFPUC3^ 
SouthlblottingofgenomtcDNA digested w^thAvalconfimred that transfonnantsCa and 

ShadintegratLFPintotheENOlocusofC— .Theinteg^^^^^^^^^^^^ 
,5 a7SUbAvaIbandthatwasrecognizedbyboththee„olase(.anes2and)andGFPaanes6 
and7)probes. The undisruptcd enolasc locus produced a very faint 6.4 kb band (lane 4, 
arrow). The GFP band was not detected in the parental strain CAI4. lane 8. 
FIGURElldepicts fluorescence microscopyoftheGFP-producingtransfomtants. 

30 Fluorescence was used to demonstrate that the HWPX promo.enGFP construct ts 

llopntentallyregulated. - C2 and 03 transfortrtants were grown to „pW^^^^^^^ 
VNB for 48 hours a. room temperature beforeplacenrentinM.99,fteshYNBa.27, or. 
,he four LeCmedia conditions (PH4.5 and 6.Sat 27= and37-, The cells were exammed 
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for the production of GFP in getn, tubes incubated ,n M199 and Lee's pH 6.8 at 37- (A) 
olencewasnotiocaHzedtotbesetnttub^^ 

C„.(B)..eappearanceo.flu 

.■^ . ..ccHFP fE^nseudohyphae did not express GFP. Panels 
formation. (C) yeast did not express GFP. (bjpseuao yp 

B, D, and F are controls. 

nGl)REUinustrates,nditectin.ntun„fluotescence(..F). . IF wa. used to demonstrate that 

GFP doesnot interfere with«^P> expression usingGFP-producingtransfonnanU. 

secondary anti-rabbit antibodies conjugated withTexasRed rather were used so that«wp 

Secondary p^el A shows the GFP-producing transformants. 

could be detected in the presence of GFP. Panel A sno 

Panel B shows «wpl of the GFP-producing transfomtants statned wtth Texas red. 

nCUREniUustrates flow cytometry to ,uantify the producttonofGFP within .heC2 and 
"sta^tranasforntants. The ^phinpanelBiUustratesathree log shift ,n fluorescence f 
staDie iraiidt,! germinate 
germ mbe compared with the negative control m panel A. Yeast that 
were used as the negative contro.inpane.Aand as illustrated are non-fluorescent. 

KIGUKE 14 illustrates the nested set of deletions created to identify the location of cpctmg 
"se<,uencesupstreamofWP..These,uentia.de.etionsofDNAwereperforrned 

ytcZitholigonucleotidestose,^^^^^^ 
!;onuc.eoUdes(shownasblac.vertica.lmes.atfragemente„ds)usetog^^^^^^^^^ 

« M MHWPIGFP.) were used. The oligonucleotides for generatmg 
ongina.plams,dc„nstruc.(pHWPlGFPl) ^he bo.ded se<,uence is the 

the nested deletions are shown m panel A [SEQ. ID. NOb. 3 J 
XhoIrestrtc.ionen.ymesite. Pane, B shows the expected PCR products usmg the 
Xhol restriction e y .. , ^ ,„i„„,„f 5' The top linear map shows 

oligonucleotides to generate the sequential delenons of 5 HWPl P 
.helocationof.heNIT2pairsbelowthese,uenceas..Thelocat.onoftheTAXAb«^ 

indicated The effect of the N.T2 binding sites will be detected in A608. A856 ^d A 27 . 
tlndmapshowstheoligonucleotidebindingsitesas-. The smallest PCR product 
^llhave S3 bpofl>KAupstream.omtheTATbox. This constructwil. serve asamimma. 

promoter reporter for testing activating functions of regulatory elements. 
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p,GURE,5inus.a,es.hen,ini-a.ay-based,.ra„scnpt,o„a„a>ysisofC..»-c.„.s^^^^^^ 
library to identify and characterize genes under control ofDNAbi„di„gpro.e,„s.Th,s 

method is more sensitive than differential screemng. 



^ DETAILED DESCMPTION OF THE INVENTION 

Misunderstood that the present inventionis not limited to the particular methodology. 

p.o.oco,s, cel. lines, vectors, andreagents, etc., descnhedherei„,asthesem„^^^ 
obe understood that the terminology used hereinisused for thepurposeofdescnbtng 
.0 part.cularembodimentso„,y,andisnotintendedtolimi.thcscopeoftheprese^^^^^^^^^ 

tmustbenoted.hatasusedherei„andintheappendedclaims,thes.„gularform a, an. 

and "the" include plural reference unless the context clearly dictates otherw.se. Thus, fo 
:lple.arefere„ceto.-aDNABP"isareferencetooneormoreDKABPsande,urvalents 

thereof known to those skilled in the art and so forth. 

mea„ingsasc„mmon,yunderstoodbyo„eofordi„arys.iinnthearttowhichth.s — 
Zgs preferred methods, devices, andmaterials are described, althou^anymethos^d 
mtZ,ss.milar or equivalent to those described herein can be used in the pracnce or testrng 
:;::;rcsentinvention.A,lrefereneescitedhereinare,ncorporatedbyrefere„cehe^ 

i 20 their entirety. 



Deflnitions 
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P..™..er:arecognit,onsiteonaDNAse,uence„rgroupofDNAse,ue„cesthatprovidean 
lpress,on control element foragene and to .hichRNApo.ymerasespec.f.canybmds.d 

initiates RNA synthesis (transcription) of that gene. 

,„ducib.epromo.er:apromo.erwheretherateofl«.Apo.yrnerasebindingandinitia.on^ 
modulatedbyexternal stimuli, such st.muHinclude,ight.heat,anaerob,cs.^^^^^ 
nutrient conditions, presence or absence of a metabohte. presence of a hgand. m.crobtal 
attack, wounding and the like. 
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V.a.pr...ter:ap™™o.e.withaDNAse,uencesubs.a„t,a,ys™.. o hep^^^^^^^^ 

found at 5' end of a viral gene. Atypical viral promoter is found a. the 5 end ofthe gene 
;o:;gfor.l,ep2Iprotei„ofMMTVdescribedbyHuangeta,..27(2Pt.)CBU.24S.S5 

(1981). 

' Syn.he.lcp— r:apro™o.erthatwaschen,ioallysyn.hesizedratherthanbi„logica.l^ 
dLed.Usuallysyn.he.,cpronto.ers.ncorporate sequence changes that opttnnze the 

efficiency of RNA polymerase initiation. 

,1,. RNA Dolvmerase binding and initiation 

10 Constitutive promoter, a promoter where the rate of RNA polym 

is approximately constant and relatively independent of external sttmuh. 

Heterologous Po,ypep.iae:aUnearseriesofaminoaeidresiduescont,ected one to the other 
by peptide bonds between the alpha-amino and earboxy groups of adjacent res.dues 
' ::::^olypepL.alsoencompassesase,uenceofaminoac.ds,^ 

polypeptides, proteins, globular proteins, glycoproteins, and fragments of these. 

; Mummericproteiu:aproteineontatningmorethanoneseparatepolypep.,deorprotein 
' ohain,eachassoc,atedwi,htheothertofon.asing.eprotein.Bo.hheterod,mer.cat.d 

homodimeric proteins are multimeric proteins. 

,mm«nog.obuHo:apolypeptide.protein„rmul.imericproteineontainingatleastthe 
mmunolgicallyaCveportionofanimmunoglobuhn heavy Chain andtsthuscapale 
;eiftcaU combtningwith an antigen. Exemplary immunoglobuhns are .mmunoglob n 
Lycha.L,immunoglobulinmolecules. substantially intact immunoglobuhnmolecu^s, 
Tport^onofanimmuno^obulinthat contains theparatope.includin.thosepo.^,o„sl.^^ 
in the art asFab fragments. Fab- fragment. F(aV).sub.2 fragment andFv fragment. 

Recombiuaut: as used herein.broadlydescribes various technologies wherebygenescanbe 
TnerDNAcanbe sequenced, and protein products canbcproduced. AS used here,n,t,^ 
::!;s!describesprotemsthathavebeenproducedfollow.„gthetr.sferofgenesmtothe 

cells of host systems. 
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p„sloop™,ein:apro.ein in which pept,ae sequences f^o^d-fferen. proteins a.ecova>e„t,^ 
linked together. 

5 Hybridi.a.ion.broadlydefmed.anyprocessbywh,chanuc,eicacidse,uencebinds,oa 
lp„se<,uence«hasepai.„g.Hyb.diza«o„condi,ionsca„bedef,nea 
for example. theconcen«..io„sofsa,t or fomra^ide in .he prehybrid,za«on and 
hybridizatio„solutions.orby.hehybndization.e™peran,re.andarewenknow„,n.hean^ 

?,.„di.atio„ca„oocnr„„aer— sofvanons«..np^^^^^^^ 
,0 beincreasedbyreducingtheconcem..ionofsaU.increas,ngtheconcentraUonoffor»annde. 
:Lng.hehybridi.aUon.e.pera.ure.Forexa»p.e,hybndi.a.,on„nder.g^s„ 
eondiJnscou.docc.inabo.SOr,— de.abo.37.C.4.C.Hybn^^^^^^^^ 
occur under reduced stringency condU.o„s in abo„.35o/ao25%fo™anr.de a, 

35»C in particular, hybridization could occur under high stringency condrfons at 42 
.5 50%— ide,5ti,nesSSPE.03o/oSDS.a„d200ug,™lshearedanddenaturedsata,^^^ 
spemrDNA.Hybridizationcouldoccurunderreducedstringencycond.t.onsasdescnbed 

alve but in 35% — ide at a reduced temperature of 35«C. The temperature range 
o:i;nding.oapar.icularleve,ofstri„geneycanbeft.r.hern»^^^ 
prnlpynLineratioofthenucleicacidofinterestandadJustingthetemp^^^^^^ 

' roonrttlperat^eunderincreasinglystrmgentconditionsofuptoO. ^^^^^ 

citrate and 0.5% sodium dodecy. sulfate. Variations on the above ranges and condtttons are 
well known in the art. 

25 ,s..a.ed:asusedherein.referstoanye.ementorcompoundseparatednoto„lyfromother 

eLentsorcompoundsthatarepresentmthenaturalsourceoftheelementorcompound, ut 
riotherelementsor compounds and. as usedherei„,preferab,yreferstoaneleme„, or 

compound found in the presence of (if anything) only a solvent, buffer, .on. or other 
component normally present in a solution of the same. 

N„c.eic acid sequences: as the term is used herein, nucleic acid sequences encoding a 
hyphal-specific gene or fimctionalcuivalemthercofineluding those wtthdelettons. 
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i„sen,o„s,o.subs.UuUonsofdiffe.e„t„uc,eo,ides«suM„gi„apo,ynu..^^^^^^^^ 
sa^e rafi.nc.io„anye,uiva.en.orhyphal-specif,c protein, included wuh.n^ 

::f.„.ona.epo.^o.W.n>sw.c.n,a.o.n.a.no..e.adn.de..^^^^ 
ongonuc,eo.idep.obeofthepo.ynnc>eo.,deencod,ngapro.e,„and,n.propero„ 
; hyndiza.,o„.oa..eIes,wUha,ocuso,her.hanthenonnaU— o^aUocusfo^h^^^^^ 
p ,^ucle„.idese<,ue„ceenoodingahetero.ogouspo,ypep..de. Theencodeap. te.nm 

so.e"aUe.d" and contain deletions,—, or s„bsU.u.ionsofa™.„o.^^ 
l,cHptoduceasi,entchangeandtesnU.na.nc.iona,,.e,u.va.entprote,n.^^^^^^^^^ 
a.,n„ac,d substitutions n>ayben,ade on the basisorsin,,.anty in po.ar..y,charge,so« 

0 ;rop«,byd«,.d/ortbean,phipatHicnatuteon 

JoJica,orintn,uno,ogica,aoUvi.yofaproteinisteta,ned. Forexantple negat,ve^ 

e Jd an^ino acids ntay include aspattic acid and glutamic acid; postuve y o arged ™ o 
acidLayinclude lysine and arginine; and an,ino acids with uncharged polarhead^oups 

v,ngsLlarhydropHHcityvalucsn,ay,ncludeleuc.ne.iso,eucin.^^ 
,5 alan,ne,asparagineandg— e,ser.nea„d.hreonine,andphcny,alan,„ea„^^^^^^ 
Theterm-nucleicacidsec,uence.",ncludesanoHgo„ucleottde,nucleot,de.or 
polynucleottde, and fragments thereof. ^dtoDNA or RNA of genonticorsynthettcong.„ 

!irh ntay be single- or double-stranded, and represent the sense or anttsense strand, to 
:::rn:,eica:d(PNA,ortoanyOKA-l.eorKH.-.i.en.ate^^^^ 
20 oL "Fragments" include nucleic acid secuenees which are greater than about 60 
. n .eotidestIinleng.h.andn,ostprefcrably,nc.udes.agn,ents^ 

„uc,eot,des. at least aboutlOOO nucleotides, and at least aboutlO,OOOnuc,eo,.des,n length. 

An«se„sege„e:anantisensegeneisconstructedbyreverstngtbeo„cntationofthegenewith 
25 respect to its promoter so that the antisense strand is transcnbed. 

A„tlsenseRNA:anRNAn,olecule complementary toaparticularRNA transcript that can 
hybridize to the transcript and block its function. 

30 Amino acid sequences: as used herein, this term includes an oligopeptide, peptide, 
p:ypeptide.orproteinse,uence,a„dfta^cntthereo,andtonaturaUyoccutr.ngor 

synthetic molecules. 
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,..,.e„ts: include a„ypo.ionofa„a.,„oacidse,ue„cewh,ch.e.a.„saaeasto^^ 
sJtura,or,.nctionaUharacteris,icofthesubjeo.he,ero,ogouspo,ypep«des. 

lp,e„toah^ha.-sp=c,f,cpro.ei„polypeptidesof.hepresen.,nve„ on. Such 

^^^^ 

i_logical fonction of ,he polypeptide from which i. was denved. 

C.e™ica.de.va.ive:asusedhe,ei„,amo,ecu,eissaid.obea"chemica,deriva.W^^^^ 
iLmolecuie when,. contains addi.io„aUhemica,n,oieUes no. nonnaliy apano *^^ 
::,!c ,r Suchn.o,e.iescanin,prove*emoiecu.e.sso,uhni.y,aWion,b.oo,ea,^^ 
: ;:^rd.he,.e.The.oie..escan—e. ydec.ease.he.ox.cuyon^^^^^^^^^ 
e,im,na.eora..enua.e»y undesirable sideeffec.of.he molecule, and .he hke. 

Cmplementary .r cmplemeotarity: as used herein, include .he na.ural bindmg of 
erperm.ssivesal.and.emperah.econd...onsbyh^^^^^^^^^^^ 
."AG T" binds to the complementary sequence 1 -C-A. 

' rir^Liie—dmoiecuies 

rrf.he„ucLacidsbi„d,ori.mavbecomple.ewhen.o.alcon,plemen.ar,.ye.s. 
some of .he nu The degree of complemenU.ri<y beween nucleic ac.d 

::;:l:s.™sisofpar.icularimpor.anceinampHr.ca.ionreac..on.^ 

Oe.e.i.n: as used herein, refers .oachange,n.heamino acid or nuolecidesecuence and 

resuhs in .he absence of one or more amino acid residues or nucleo.,des. 

,„seni.« or addmoo: as used herein, includesach^ge in an amino acid ornucleo.^^^ 
3e,uenceresul.ing,n*eaddi..onofoneormore amino acidresiduesornucleCdes. 

respecvely. as compared .o fte na.urally occurring molecule. 
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infection, transfection, ttansfomation or transduction. 

X„«srec.io«.as used herein incudes theprocess„fintroducingaDNAexpress,onvec.or 
ra"l.Var.ous.e..odsoftransfect,onarepossiWe — n.,cro,n.ec^ 

lipofection. 

o„:aprocess.v«.c.e».enousO.Acnters.«^^ 

sequences intoaprokaryotic or eukaryottchos, el. Thm^*^^^^^ 
,^e of host cell be.ng transformed and may include, but ,s no. hmtted to. 
electroporation. heat shock, and lipofection. 

..,yhrids,""variants.""^a.ogs,"or"chemica,deriva,ives"ofamolecule. 



30 software. 
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■ u ^ Fr^rexamDle percent similarity between 
.edete^inedbymethodswdl-Vcnownintheart. ^or^^^^^ Higgins & Sharp. 

.„i„o acid sequences canbec.cu,a.edus,„,.hec.us.a.— -^^^^^^ 
V3GB.e237-44(19BS). The dusuU.gonto groups se,ue„oe.n d 
,e.s.ances.e.weenaUpa.rs.T.ec>us.ersareaU,neapa.«.^^^^^^^^^^ 
3 perce„.ages«.e»een.woa.,„oac.ase,ue„ees^^^^^^^^ 

.e,„e„ceA,.inus*e„u,„berof gap rescues rnseauenceB- 

„a.c.es.erwee.se,ue„ceAa„dse.„e,,ceB— 
— g..erween.e.oa„i..^^^^^^ 

• -r thP state of any compound, including but not 

- ::r;r~:UprL.. .epro.„o.rse.e„ce«.a.a„d — 
transcription of the nucleic acid sequence. 

. • ^e^th;,t a coding nucleic acid sequence inserted at a 
Vecto.ac.on.ngvec.or*aUs e.^e^^^^^^ 

termination sites, and enhancers. Vectors inc 
vectors, plant derived vectors »d insect derived vectors. 

other elements or compounds on the basis oi cn g , 
with which they are naturally associated. 
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are recurred by .he hos. for .he correo. .ra„scrip.,on and .rans>a.,on (express.on) of *e 

re:.— onco„.a.„ea,„.hee.^^^^^^^^ 
5 !su,.ah,e(..e.,ft.„c.io„aUnmese,ec.edhos,).ra„scnp.io„p— a„dasu,.ab.e 

transcription termination sequence. 

Pr.„,o.er. generally includes a regula.ory reg,on of DNA capable of ini„a.ing. directing and 
onofanncleicacid.^^^^^^^ 
,0 :c;i.lse,uences,suchasups.rean.ordo_pron.o.ere„ 

,„fluTnce.he™.ionra.e. Preferably, in .he con.ex. of .he presen. .nvenuon, U.e 
promo.eis are hyphal-specific gene promo.ers. 

,n.ibi.ion: as used herein. refers.oareduc.on in *e parameter beingmeasuredwhe.h^^^^^ 

>3 "c ..c..grow.orviabiU.y. - — of such reduc..o„ is rne^ured re ..v^ a 

s.andard(c„n.ro,).Thepreferedde.ec.ionproduc.sn,ayi„eludenewly.— ^^^^^^ 

and a DNA-DNABP complex. "ReduCion" is defined herem as a decrease of a. leas, around 
r3"Ite.ocon.ol,preferablva..eas..ound50r.,a„d.os.preferablyofaUeas.aound 



75%. 



'- 20 



ONA template: refers .odouble-s^andedDNA and where indica.edby,hepar.icularb™^^^ 
ly.os.ngle.s.randedDKAthatn,aybe„ega.ivelysupercoiled,possessesaprom„.er 



region. 



,5 p„™atio„ofaco.p.ex:refers.o.hebind.nsofa.ranscrip.ionfac.or,s).oaDNA.en>pla.e. 

Cis-aCiog element: refers .o a variety of modular elements or .arge. se,uences^ These 
Lermay be .argets for .issue-specific or .emporaUe^la.ion.General,y,.hese elements 

o:^«eae.ivf.yofONAse,uencesofi.so.nONAmolecule. These .^^^^^ 

DNA bi„ding protein: refers to transcription factors and other regula.ory proteins that 
Tg^izespecLtarget sequences locatedinenhancers.promo.ers, or other regulatory 



elements that affectapanicular targe, gene. Fora,epressorpro,e,„.bi„ding.oDNAn,ay 
Urlffic,en..oexce..e.s.nc..„.^ 

;live regulator, pro.e.„.theDNABP.ayexcense US— by.nd.ng.o regulator, 

proteins or other transcription factors. 

,„ accordance with the present inventton, a pat.ent preferably includes 
l_conrpronnsed or intmunosuppressed humans, for example, those havtng AID 
Zergotng Lsplantatton or anti-cancer therapy. Theinvention also preferablyrelatest 
:l:Jthpn:aryorseco„daryint.un„def.c,encies(MB.CKM..U...6.hed.C^^a^^ 
,,0992),. in addttton to ntanunalianhosts in Which the nonnal immune response hasben 

Iroledor suppressed, tbeinventionrelatestomammalianhoststnw^^^^^^^^ 

microbial flora has been disrupted, for example, because of disease (e.g. hereditary 
:roHc,tnf.,trat,ve,orhematologic),.rauma(e.g.,burn, splenectomy,— 
or clinical procedure(e.g,catheterizat,on or introducionofartiftctaltmplantssuhas 
dn.ures),rchem,ca,.radiation, or other immunosuppressiveprophylax.sortreat.ne 
Accoraingly,them.crobialinfectionofthe present invention includes .nfecttons related to 

oppormnistic as well as pathogenic microorganisms. 

A prefered embodiment of the present invention mvolves defmmg the molecular 
events leading to the expression of a pathogenical.y important adhes.n. In a parttcu.ar 
, :i:diment:fthepresentinvent.on,thiswi.lbeaccompl,shedby«^^^^^^ 
thatareco-regulatedwithZ/r/'I inaputativeglobalregulatoryctrcutt. In a further 
lr:ent,theprese„tinventionproposesnovelmea„s„finterferingwi.htheregulatto^^^^^ 
Iscnpttonofthesenew genes. Preferably,in.erferinsw.ththeregu,at.ono„ 
ofhyphal-specific genes, specifically HI^l.Finally.anotheremodtmentofthe present 
invlon maybe usedmthedevelopmentofan alternative or adjunctive therapyfor 

candidiasis infections. u^mhal 
Aha..mar.oftissueinvasionbytheyeastC...«c.„.is*epreponderanc^^^^^^^ 

forms during growth within tissue. This observation prompts thehypothesrs that thabthty 

ILhypLtis responsible for thepathogenesisofcartdtdiasis. However,severaln^^^^^ 

evtdenceruggest that i. is not necessarily growth ashyphaethatisessenttal for dtseas, but 

:litisth"xpressionofpro-invasivefac.ors.hatcoinc,dewithh=.hal.^^^^^^^^^ 
mediates tissue invasion, in some cases, the lacRofftlamentproducttonts correlated wttha 
lossinviru,ence(Csan.eta,.,66(6)I..BC..IMMU..27,3-2.(I998);Gham,o„metal.. 



25 
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53(„),KPBCT..MMU..4528-30(.995,;Loeta,.,90(5)CB..939-49(.997,.Z.ag^^^ 
):B«u3B09->5(.99S))bu.o.he.exa.p.ese«^^ 

3 reduced in animal mode,. De Bemard.s et a.. ,79(1) 3. « D,s. 201-8 (1999). Le d,c 
273(40) : B,o.. CHHM. 26078-86 (1998). Moreover, a mutant that ^ows obhgately m 
:lnlLsdoe.noisHowe...ced— Braun.^olm.^^ 
,05-09(1997);DeBen,ard,se.a..;Leidichetal. Although some studtes have suggste. ha. 

l!tl train ac.,nstheah.l,ty.o form hyphae are aviru,en.,itisnot^ow„whe 
roTfv,™lenceisaresuUofthe.acKorhyphaep....ora,ackofspec,f.cpro-mvas.ve 
:l that are expressed dur-nghyphal ^owth. Pinally.studies have Shown that.ra,nsof 

::L..isolated.omhumanpatientstha.a.um.rm.sueees^^^ 
vary in their ahiUty to invade ..sue inarat tongue model. Allen etal.,18(6).0^^^^^^^ 
PaLl MED 352-59(1990). These observations all point to the presence of pro-mvas,ve 
11" present- as.ra.„,areproducedduri„ghyphalgrow.h. Thushyphal.^^^^^ 
'"henecessaryhutnot suffictent for candtdiasis to occur, inordertotmderstand the 
pathogenesisofcandidiasis, it-simponant to identify proteins thatcontrtbuteo 

pathogenesis, and .hen ,o discover factors that regulate .heir expresston. The ab.l.ty to 
dwi.hmechantsmsofexpress,onofpro-invasivegenes will lead to thedevelopment 

ofstrateeies to interfere with candidiasis. 

Hl^Plisadevelopmentally-regulated cell wallprotcn that is expressed exc,us,ve,y 

.„.ruehyphaemculturesandinanimal.issues.Hwplhasaprofoundef^tonadh.enceto 
humanB^Csthroughanovelmechanism that involveshos.en.ymes, and tstmpo^^^^^ 
sys.emiccandidiasisinmice. H^P/ expression is tightly regelated at the level of mRNA. 
C-ntsusingculturesgrowingexclusivelyas yeasts laclcHl..;mKKA,whereasm 
:Lsoftruehyphae,WPlmKKA.sabunda„......evenmoreabu„da„t*^S^^^ 

glycolytic enzymes. The most plausible explanation for developmental expresston .s 
::elsmLcr.pt,onofH..nnyeast andhyphal growth forms. Theh^^^^^^^^ 

that flanking regions of .he HWPl smtCural gene contain regulatory sequences that atfe t h 

re!^«^™.Acorollaryistha.W./isa.argetofageneregula»r^^ 

rlolsexpressionofotherhypha-speciftcgenesthatarepathogenicauytmporumt. 

" :ypha-sUgenes,..e.,genesdt« 

^owth are important v,™lencefac.ors. Bailey et al., .78(18) I. B.CTBKto... 5353-60 ( 996), 
:Leal.,61 9).WPeCX.lMMU.. 3648-55(1993); Staabetal.(1996, Thehypha-specfc 
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— — ^^^^^^ 

the special .^^^ ^^^^ ^^^^^^^^^ t^be 

™«„.. «i-oreUke,y.ha..he„uUmu.an..s.v,n.Ien.be^au o^^ 
,„.ceUs.O*.h„ha-spe.f,e,e„es include an^pa^^ 

specific se„eexpres.o„a.eof.n.eresfor^^^^^^^^^^^^ 

..e«^.a.io„orexp.ess.„«. «^ .^^^^^^ 
mRNA in hyphae but not m yeasts. The presence ,.^rNA suggests that 

, ...a,.o..a„a.eco„.o„eo..U— 

common regulatory mechanisms may ex.st for mduomg 
,.i.ionof— .onco„.ro.,smea,a.e..yc,>actmsse^^^^^^^ 
e.eme„.s. thaU„.erac.«i*DNAbi„d.„gprotemsto repress or -^^^^ 

^ ^ U AS and URS elements that are responsible for tum.ng on genes m hypha, ^o 

— - . „h The DresenceofcommoncK-actmg elements ra 

repressing them during yeast growth. Thepresence „f ^ set of genes that are 

30 appropnateforagwensetol ^ .^^^^^ also provide msight into the 

the mechanisms regulating expression of these genes m y 
mechanism of the yeastAiypha transition in C. albicans. 



10 



' 15 



-20 



-22- 



A— ,™.-acting proteins .nvowed in gene expressionofdefmedh^^h.^^^^ 

specitic gene nn^i, ^^^^^ 
t^rnofCa/Z^rcans Thefunctionofregionsupstreamof^W/7anda/^4ar 

system of C. albicans. promoter region has led 

• fnP4 Lockhartetal., 180(24) J. BACTERIOL. 6607-16 (1998). 
important for expression of OP^.Lockharte V ^ -^^^l^ement of 

f raw; 7 expression in C. albicans hyphae suppori ms; 

pheromone response mitogen-activated protein Kin ,i„etal 262(5140) 

Is found to be important for pseudohypiia.growthof5.ce.ev,«..L,u.aU2 2^^ 

SOB^CB .74: .44 ,f 993). Homologs of .embers of this P^*^ "'^ ^^^^^ 
™,or.anti„pse«a,andb.ba,.ow.bofC.«^^^^^^^^^ 

NATL ACAD SCI. USA 13223-28 (1996); Leberer et al.. 93(23) PROC. NAT 
NATL. j^i-Au. ^ 1-7/11 AA riQO^^ AC albicans STL U 

USA 13217-22 (1996); Liu etal.. 262(5140) SCENCE 1741-44 (1993). AC. 

. These results show that CPHi influences growth 
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are also required. 

-23- 



10 



,„ a phosphoCesterase, or by activating mutauons of Ras, pro.e n GT y 

J.o.c^MPe.a„cespse.o..^^^^^^^^^^ 

nqQ2V Lorenz & Heitman, 16(23) EMBO J. 7008-18 (19^/), w 

The MAPK and oAMP signaling paftways effect express.on of the P 
,ene.Js. — • P^-ys affect the p— of.. 0..^«^^^^ 
..eUw..ptotc,n.e,uireafo.pse.aoh.ha,.o^..^^^^^^^^ 
, 0999). The..O./P— isnnusuaUy g^^^^^^^^^ 

TTRSelements Similarly, the intergenic region between >rr 

-1-...,....-— 

regulation of filamentation genes may exist, Hirri p 

elements. ,ene is likely under the control of the cAMP-dependent 

,0 The C. a».ca« HWi'y gene .sj!K^_ ^^^^^^ ^ 

signalling pathway but not the MAPK pathway.™ that WP7expr 

25 site. Efglpisalsonecessaryforformattonofgenn gene which encodes a 

model. H^/-' expression isalso reduced .nmutantslacktn he^^^^^^^ 
..erenttranscoptionfactorthathasnotbeenas.^^^^^^^^^^^^ 

TeKiiPtai i43(Pt 2) Microbiol. 429-35 (199 /j. muc , f 

crge::::::— 

30 features. ;^„iiinp cascades are unknown, but 

The environmental cues that activate budAiypha signalhng cascades 
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25 



or use of prohne as a m« g ^^^^^^ enviromnen.. Gimeno e, 

Dabrowaet al., 13(3) Infect. Immun. 830 35 (ly/o), 

M,CROB>OL 3219-28 (1987); Land e. al., U(5) Infect. Immun. 1014-23 (1975 . 

lTghttolin,pona„tforpa*oge„esis.Kulkan,l^N™,5EXP.Mvco.^ 
098^ Thus .,orpholog.cvaria.ion .ha. accompanies ,heuseof„.roge„ sources .sa 

-t::i;!::r:P.^.P— anaeu.a.o..o.anl^ 
regula.ed Fungi are able .0 u.n,.e an array of compounds as „i.rogen sources, and ha 

rcxiB 9qi -95 (1986)), Saccharomyces {gln-3, Minenari oc i & 
r 6 (199 ),a„d«„.(«..Haase.a,.,27(2)Cu.K.GB^^^^ 

;cif.cca.hol,cgenes«henprcferredni.oge„sources.elac.ng.T^^^^^^^^^ 
rd«irn.melsof«sGATAfan..,..Mu.a..onsofconservedresidues.n.hePNA 
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g in vitro and are 



. • f or AREA lead to complete lack of DNA binding in viU 
binding domains of NIT2 or AKt/^ie ^o^'^ ^ingm 

1 ■ Marzluf 4(1 1) MOL. MICROBIOL. 1847-52 {l^W). 

nonfunctional in vivo. Fu & Marzlut, 4^ j .,,^,,tous erowth in C. albicans 

.0 bindingproteins. Meed, there may exist m yeas, forms of C. a»,c« 
.epressorpro.einsthatstron,yre.u.ate.he— — 

rUP/maypartianyrepressexpress-onofhyp a- p«,fi g^^^^ ^^^^ 

^RNAforthehypha-spectftc » . However, when — were 

15 was deprepressed in a ,upl mutant. Sharkley a ^^^^^^^ 
analyzed, surface HWPl protein was not detected on hyphal surface 
.„dlns,suggcs.ingthatre.easefrom™s^^^^^^ 
.pressionandthatadditionaiprot.^^^^^^ 

of hypha-specific gene products. Indeed.th p ^ or perhaps 

-partL^^^^^^^^^^^ 

other than TUPl repress H^P; in yeasts. ^NA upstream of a gene 

,5 ApowerfttlmethodforidentrfytngUASandm s^o 

codtngregionstoareportergenewhoseprotemieveicanbeea^^ym^^^^^^^^^ 

sequence, and then look for act,vat,on of reporter gen p 

promoter containingaTATAelement. Guarente&Ptashn . S(4 PKOC. 

USA2,99-203(198.);Ruppetal. ,8(5,EMBOJ. 1257-69(1999). 
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• tr. UWPI in having an unusually large 

Broached.) (1992). ,.pp. ^as proven to be a valuable marker of gene expression 

who optimized all the urr fluorescence 



15 albicans. . „ .^nn ah cis-acting sequences is 

controlled by DNA binding proterns. Schle,f.24U« . ^^^^^^^^tic mobility 

....presenceo.— 
.,«assays,wb.eprotems^— 

conditions are assayed for their abihty employed to verify 

„inpolyacry.^.eSels.— ^^^^^ 
.hespecificityofthemteractronsofDNAbrnd, gp^^ 

fl,emostin,portantnucleotidesforDNAbmdmg. ^^'''^^^ ^^,,„^p„teins. 
-ASelemen.sprov,destbegronndwo..^^^^^^^ 

Several strategies have been successfully used to cl ^^^^.^^ 
--elements. Ap—lysu.e.^^^^^^^^^^ 

of UAS elements that have mcorporated b.otmylat ^^^^^^ 
„id.„beads.Gabrielsen.Hnet,21SMH™ooB^^^^ 
extracts are thenincubatedwiththebeads to separ ^ hed^^^^^^^^^ 
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10 



,aen„fyandoh— *ep.otei„. p„.<,e ,„si^. into 

O„eof.hebe„efi,sofc,oninggene(s)e„cod,„gpro,e,„*ab ^ 
..,e.geneHKeWns.a..o.aUene.Su.a.o.^^^^^^^^ 

genesthatarebeUevedtobeactivatedbythesa^em— w^^^^^^^^^^ ^^^^^^^^^^ 

UAinanu.™.a„t.c.ns*eDNAb«-^^^ 

,o„,.o„spec.r.cge„eso«.— 

58(,)M,CROB,OL.RBV.56 70( 9 

„ ^ " .-»" - ""1 «,-^- 

^ ^, -7^ 7Q CI 999^ The proven utility ot genome wi y 

momtonng in revealing pre VI . ^ ^nitinle times. For example, 

.,,.e„e— auond.o„sb.be— 

new sporu.a.io„-specif,c genes, and regulatory — ^^^^^^ 
30 express,on.onUoringofthe5.c..ev...genome.C«^^ 
Ma„tn,a,ian genes in fibroblasts «-at are regulatedtntbep es 

.e„t.edus.nggeno.e.dee.press,— ^^^^^ 
mammalian genome sequences. Iyer et al., 283(5398) 



-28- 



10 



15 



comoleted to five times coverage. 
" Give„.he.ighst^.f.ca„ceof.he—a .ionofnewgeneswuhpo^^^^^^^^^^ 

i„ce in virulence in an organism where random mutagenesis approaclres are not 
p'riorationofaUernattvesother 

nt.,a-Vor—-e.oat.at.oesnot^^^^^^^^^^^ 

employed to amplify small genomic inserts that are robonc y p 
;:eraL.n.-arrays.™sarraymethod,sheingused for genomew.de expression 

"""z^nrr;— 

eontinu°::mcrease.BecauseofthelossortHece,lularcomponentor.he.mmu^^ 
-Pattentsaresusceptthletotn— ^^^^ 

TcT: t— ---ore.e,uen.lyas.heimmunode«ciencyprogresses. Innon- 
XIents.suIhasthoseundergo.ngorg.transplantat.on.areneutropen.c. 
debmt^tingdiseasesre,uiringadvancedmodalitiesonifesupport.mucosaland 
rose^ouslydisseminatedcandidtasis seriously threaten optima, treatmentontcom^^^ 

Ls Both goals require improved understanding of hypha-specfio proteins of C a,t.ca.s 
Tt ir..: Jmpathogemcityandinthemechanismsthatregulatet^ 
By :.«ingthemolecularevent.leadingt„thee.pressionofapa.^^^^^^^ 
Isin, and through the identificationofnewgenestha. are co-regulatedw*^^^^^^^ 
putative global re^latory circuit, the present invention relates to new and novelways to 

Lferewitheandidiasis.Thelongtermmedicalbenefitsof.hisstudymaybethe 
, retpmentofalternativeoradjunctivetherapiesbasedonthel^owled^^ 

hypha-specific genes in C. albicans. 



Recombinant techniques 
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■ ZTL example .he DNA molecule se,ue„ce may be included m any one of a 

n Hpri vatives of SV40; bactenal plasmids, phage UNA, yea v 
sequences, e.g.,denvativesois> niM A- viral DNA such as vaccinia, 

; whP DNA sequence is inserted into an appropriate restriction 

; lrmaya,solnc,udeappropriatese,uencesfo.ampUfyingexpress.on. 

» :™:=="==^^ 

— fo.eulca.o«cce.Uu,.u.e,o.sucbas.e.acycH„eo.^ 

^"^"—.of^e — comp^sesanUo.^^^^ 

. nf the HWP gene promoter. This nucleotide sequence, or fragments 
25 nucleotide sequence of the HWF gene p .^^ui^ant DNA molecules that 

sequence ftat encodes .he same or a JUnCionally e,u,valen. gene produc.. The 
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25 



su.s«u..o„s.aybe.aaeo„thebasisofs«,npo.^^^^^^^^^^^ 
,,..„phob.cUv,h.d.op«Hc«y,.hea™phipat.c„a^ 

threonine; phenylalanine, tyrosine. . , ^ isolation of DNA, generation 

C - ,.^„„. „nhe nucleotide 

= ::!ro..Jaa.a.e,.„eea_^^^^ 

°:-:::ep.e.o.e.„....e.~ 

promoter or control sequence, may be employ T>enresentative examples of 

.e.o.Uoe.p...epo>„ep«deson.^^^^^^^^^ 

app.opriatehostsinc,ude:bac.enaUen..suchas£^^^ ^^^^^^ 

— --r'::c:o::::::— 

"""rra««>ep.se„an— .so— .^^^^^^^^^^ 

..p...o„eo..o.eon.ese.e.^^^^^^^^^^^^ 
compriseavecor, such as a pla.m,d or v.a, vec.o 



e.a.p.e,ap—ope.M.«..ea.o the sequence. La.,e„u„.e.ofs.^^^^ 

orv,^^,UflTi cell or a lower eukaryotic cell, sucn as a yed=, 
; DAVSETAU,BAS,CMETHODSINMOLECULARB,OLOOV.1986)). 



the gene product encoded by the recombinant sequence. 



""";™.o„o.a.K^e„coa.s.Hepo.VPep..eson.ep.ese.^ 

^ ^fnMA nquallv from about 10 to iuu Dp, mdi a^i f 
in jirp ris-acting elements ot UNA, usually 11 

r„ I slnscnption. Examples inCude a.e SV40 e— c„ *e , ate s.de of .he 
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Oenerauy, . u^^t rell e e the ampicillin resistance 

I::caLpep«ae,.pa«.„S.e..<.cH— 
purification of expressed recombinant product. 

""t:rpl.„vec.o.ro..a.^^^^ 

vector may compnse one or more phen w ^pUfication within the host. 

;.>„I«anavanousspec.eswithinthesenera...— ^ 
S..M~,«othersma.aisoheemp,.ea^ 

As a representative but nonlimitmg example, useful expression 
.._mp.ea.e,eeta.em..erana.ae.^o^^^^^^ 

— :rrr"=n:r.n.^^^ 
;:i:::::r:.s,uUswe.en>..oBM 

LepBK322hac.bonesectton. are combined with an appropnate promoter and the 
,propLceUdens.t..hese,ec.edpromoterma.hede-repressedh.appropr.a.emeans 
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period. CeUsaxe.ypicaUyharvestedbycen.nmga.,on.d,srup.edbyP 
»„d the resulting crude extract retained for further punficatron. 

express recombinant polypeptides. Examples m 

o S' flanking nontranscnbed sequences. h 
termination sequences, and 5 flanktng .^r, enhancer, splice, and 



n ■ A ^r. OCtRmVVK J BlOCHEM. 211-2^ U^^^-'- ^ w»a 

::::e:~:r.:.v.genetherapyanda^ 

------ -^'r^rrtei:— 

"'"Cr^Zt-XoSe.denetaU^ 

suu. Mtlle, 76(2 Blooo 2 ( ^^^^^^ ^^^^^^^ (^ansduction) 

n 987^ The development of improveareiro Vila 5 ^^timplk 

Rosenberg et al., 323(9) NEW ENG. J. MED. 570 (i^ ), 
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<« ,00(1990. Severa,exv,Vo gene therapystudies. humans havebeenrepon^^^ 

99-100U9VI) „ons nn992V Miller, 357(6378) NATURE 455-60 (1992). 

Anderson, 256(5058) Science 808-13 (1992), M 

ta,. v,Vo gene .herapy,targe. cells are no. removed fron. the 

■ ^ ^ ;«tn rells of the recipient organism in situ, that is, wiiu 
transferred gene is introduced mto cells ot P ^ 

Rhodes, 349(6307) Nature 351-52 (1991). 

a,recrsene.ransfer..»in.oorgansa„~ssucas^^^^^^^^^^^ 
.... ACAO.SC,. USA 8377.81 (.991)Q—^^^^ 
2581-84 (1992)), hematopoietic stem cells (Clapp et al., /»(*) 

. lV J bel e. al 244(4910) Science 1342-44 (1989)), the nervous system (Pr.ce 
artenal wall (Nabel et aU 244( ) ^, _ 

3,., 84(1) PROG. NATL. ACAD. SCI. USA 156 ( ^^^^^^ ^^^^^^ 

iJdOQlll Direct injection ot UNA >m" ^"^^ 
252(5004) SCIENCE 431-34 (1991)). uir „,Kitsisetal 88(10) PROC. NATL. 

.U.47(4949P.l)SC,ENCBl465-68(1990)),heartmusce(Kitsis^^^^^^^^ 

ACAO.SC,.USA4138-42(1991))andiniec.ionofDNA- Pi com^^^^^^^^^^^^ 

9007 1 1 fl991); Ledere et al., 9U(J) J. ^liin. u 
(Umctal.,83(6)C™-^^^^^^^^^ 

(1992); Chapman et al., 71(1) URC. i^s- 
,etectablee.pressionleve.onheinsertedgenep.d^^^^^^^^^^^ 

Genetherapyeffor.shavebeen.meda.th entja^ 
„ansforma.ion,includingKera.inocy,es(Morgane a 37(4^2 )^^^^^^^^^^ ^^^^^ 
fibroblasrs (Palmer e.al.,S8(4)PROC. NATL. ACA0.SC^SA^^^^^^^^^^ 

n987^- International Patent Appucaxioii rv. 
al., 237(4816) SCIENCE 762-64 (1987), inte .^,„„etal 89(1) J- Immunol. 

,.ingpublica.ionnumberW0 92. 5676),.y.nphocy.es— ^ 

METHODS 93-101 (1986)),myob.as.s(Ba..^^^^^^^^^^^^^^ 

. tm^T)^ Punr Natl Acad. Set. USA lusy^ 3 i.i:'?^,, 
Dai etal., 89(22) PROC. NAIL. „w,™^hetal 89(3) PROC. Natl. 

^ -.iT <;« fl992)) smooth muscle cells (Lynch et al., 'iyy') 
CELL MOL. GENET. 247-58 (1992)), sm „ nj,K,, etal 244(4910) SCIENCE 

„ „c » 1 i-is 42 (1992)) and epithehal cells (Nabel et al., > 
ACAD. SCI. USA 1138-42 (1992)), P ^j^^^i^g publication 

,342-4 (1989), In.emational Paten. Application ^^^^^''^L^ „e 
number W0 90/06997),.hecon.enuofwhichreferences and pa.enVpa.en 

■™°%rd;cr::::wedoseo.ap.^^^^^^^^^ 

...jrHelencyo.— (orrransduc..^^^^^^^^ 
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u , „ A host cell that has been transduced with a ch.mencDNAvrus(e.g., 
host cell. A host cell tha ^.^^ ^^^^ 

— ..sU,hnt.Ulhe.^^^^^ 
— ns^nettc— ..atts^an.— 

Typtcally.me exogenous enettent^na^^^^^^^^^^^^^ ^^^^^ ^^^^^^^^ 
thefonnofacDNAcontprisingtheexonscod f^th^^^^^^^^^ 

promotertocontroltranscriptionofthenewgene. Thepromo ,,„g,„<,„s 
;ec,r.cnuc.eot,aese,ueneenecessa.to initiate transonptt^^^^^^^^ 
,eneticn,atettal^erincludesadd,tionalse,ueno.^x 

-'--^r:rs:::::-=i^^^^^^ 

any non-translated DNA sequence wnic preferably the exogenous 
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A oreferred retroviral expression vector includes an 

:::: 

all conditions of cell growth. Exemplary c ^ f„„etions: hypoxanthine 

following genes which encode certatnconstttutrve or housekee^mg 

f mPRT^ dihvdrofolate reductase (DHFR) (bcnarimcu 
phosphoribosyl transferase W d*y 
88(11) PROC. NATL. AC.D. SC. USA 4626-30 >^ 

11- rpr^K^ Tivruvate kinase, phosphogiyceroi umi 
phosphoglycerollana^e GK^^^^^ 

promoter (Ch'ngetal., 86(24) PROC.N i„ addition, many viral promoters 

co„stitu.,vepromo.ersl.o»mto.oseof^s^^^^^^^^ 

SV40.the,ongtermrnalrepea.sLTRs,^M^^ ^ 

"CZraerthecontrolo^ndncrhlepromotersaree^^^^^^^ 
,eaterdegree,in.hepresenceofan,ndnc.ngagent,(e.g,trar.^P^^^^^^^^ 
„etallo.hionempromoterisgre^~a.n^^^^^^^ 

promoters includeresponswe elements REs) ^.eroid hormones, 

inducrngfactor^arebound. For example, there arcREs fo^^ J ^^^^^ 
reUnoicacidandcyc,ioAMP.Promotersconta,mn ap^. ^K^^ 

to obtain an inducible response, and in some cases, the RE .tself m^ 
di.eren.promoter,.herebyconferring,ndncibiUtyto.hereco— 
.lectingthe appropriate promoter(constitutWeversusmduc.ble^^S _^^^ 
. 1 K^tv. thP existence and level of expression of a therapeuxic g 

rri-— 

by genetically modified host cells of a therapeutic agent encoded by 
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According y, ^^^^^ ^^.^^^^ ttanscnpnon of the 

conlrolling such factors as: (1) the nature ol tn p 

,„sertedge„e(i.e.,whetherthepron,oteriscons.itu.tveor.nu^^^^^^^^ 
™.herofcopiesoftheexogenous,enethatare,„s=ned.utt^^^^^^^^^^ 

modified host cell. Selection and opt™,zat,o„ of these f ctors f 

""radd..to„toatleastonepro.noterandatleastonehete.losous™^c.^^^^^^ 

encodtngtheproph.lactlcortherapeut.cagent,the^„s.^^^^^^ 

selection gene, for exan.ple.aneon,ycin resistance gene.for fa. m ^^^^^^^^^^^ ^^^^ 

,.have.ee„tra.sfected or transduced With thee..es^ 
eells are transfected with two or ™ore expression vec o^ e^ 

.e<,uenceisdeeniedtohewithlnthescopeofo„esl.J.din.^^^^^^^^^ 
retention signal sequences for anchoring P P hydrophobic transmembrane 
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„e derived frcn: Harvey Sarcoma v.rus ROUS Sare ,49-187 
,eukem,a virus andDNA viruses (e.g.. adenovrrus). Tem.n. 

(Kucherlapati,R.,ed.)(1986)- „frtirectina synthesis of virion proteins, 

Kepitcation-deficient retroviruses are capaleofdr^m^s^^^^^^^^^ 

^areincapaMeofrna^inginfecttouspartieies Accord.^^^^^^^^ 

retroviral expression vectors have general utility or ign :„^ention. Such 

euuuredcens, and specific uUUty for use .n the nrethods^^^^^ 

Retroviruses have beenuse ex« ^^^ _^^^^^^^^ 

protocols for producrngrepheatton-detoent^ ^^^^^^^^^^ 

,e—s.enettc.ater^^a^^ — 

plasnud. productton of recomb.nant re»ov y ^^^^ ^^^^ 

parttcies .on, tissue culturentedta, and .nf«..ono *e^ 

are provided in Kriecler. Gene Transfer and Expression, 

(Murray, E.J., ed.) (1990). f„, «ne therapy is that the viruses insert 

.He gene encoding thetherapeuttcasent r to 
exogenous geneticrnateriaUohepassedon^t e^^^^^^^^^^ 
addition, gene promoter sequences ,n the LTR regton 
_.„„„,...ericdcod.ng„ 

84(15) PROC.NATL.ACAD.se,. USA 523 ^ 539). ,„ v/v. gene 

^CAO.Sc,.USAS662-66(19S7);Valenoea,4^^^^^^^ 

.erapyustngrephcation-deficie^^^^^^^^^ 
amountofatherapeuttcagentcanbeefficaco 
and/or the numberoftargetceilsavailable for transduct s^^^^^ 

VetanotherviralcandtdateuseMasanexpressonv^torJ^^^^^ ^^^^^ 
„amma,ianhostce,lsistheadenovirus,adonb,estrand^^^A^^^^^ 

„lyresponsibleforrespiratory..act,n— 
avidity for the epithelium of the resptratory t«ct. Straus, 
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. K dM1984) Moreover,.heade„ovirusisi„fec«veinaw,dera„geofceU.ypes. 
Gmsberg.ed.)(1984).Mor • Larrick & Burck, Gene Therapy. 

i„clud,ng.forex^ple.n,usc.ea„dep,«^^^^ ade„ovin,s a,so has been used as 

APPUCAT,ON OPMOLECULARB,OLOGV 71-104 (1991) Th 

an e.press,o„veetoH„.use.e cells ,>,Wvo.Qua„nne.al.. 89(7) P.OC. 

USA 2581(1992). ^or^t^hle for use as an expression 

::;:r:irri:— — — 

(Johnston. 346(6286) NATURE 776-77 (1990)) o y ,o„p,exation with 

(e.,.ea,ciu.o.s— co-p.eclpUa«o„,co»p,^^^^^^^^ 

PROTOCOLS, (E. 1. Murray, ed.) <^^^ J „o,ies. Inc.. 

ca,ionicliposomeeomplexaUon.ncludrngL,pofce.m ( ,,,3.17 (1987)) and 

Ga«,MD)(Pe.g„ere,al..S4(21)PR0aNAT .AC aSC^ 

Weela™™(ProMe..Madls™W^^^^^^^ 

6982-86 (1989); Loeffler et al.. 54(5) J. NEUROCHEM ^^^^ 
efficie„cyofrransfeer.onhy*ese.erhodsishi^,ydcped»^^^^^ 

.daccord...y,.hecond.o„sforop.™alWec«^^^^^^^^^^^^^ 
fl,e above-mentioned procedures must be opunnzed. such opnm 

oneofskillinthe art. 
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« penetically modified host cells contains an 

amount ofcenssufficie„uode,weraprophy>a^-^^^^^^ 
subs.a.etorma™naUan.r.nsg..ta™,nasesof.hep.^^^^^^ 
T^ede— ioncfa.effec.Wedoseof*eprph -^^^^^ 
™.„o«aU„fec.o„isw.*,n.hescopeofoneos.^^^^ 

acc=p.b.eca™eMheya.ep.aced,nsuchaca™e.n^^^^^^^^^^ 
S„c.pha™aceu.ica«yaccep.ab,ecarners,„c,ud.or«^^^ 
.„ffe.sasapprcpria,e,o*epa.ienta„d„ Theg^ U^^^^^^^^ 
3a™inUte«abv,for example, .nt^peritoneann^ecn,.™^^^^^ 

Hos.cen-co.patiHesUe,efe..oast™c»e,cav.ty fl^^^^ 
,ene«caUyn,o<.ifieaceU(s).hos.ce„s,aft,orenca^s^^^^^^^^^^^ 

---^^^^^^^^^ 

e„aMi„s~of.he„«ca.entto.e — 

one embodiment, *e host ceU-compaUble sUe m y 

distilled water mto the site (e.g., tn p minutes 

"--■-"^•^"Cirs ^^^^^^^^^ 
-^^^ 

.begene.ica„ymodifieabo.ce„sa.e™p^^^^^^^^^^ 
o.inoombinaUonwi*oa,e.genet.eaUy«o .f^edbo^ce^. . t 
e.bracesame.bodfo.modify>nstbeepi.bebaUvsem fa«^^^^^^^^^ 
,ene.icaUymodif,edbo.ceUs,sncb.ha.af„s.mod.r.^^^^^^^^^^ 
Lape.ca.en.o..e.e.nUnvenn^^^^^^^^^^^^ 

— 
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fonned of a synthetic or naturaUy-occumng matena The 
^o™.ooneofo.d.atys.nHnthean.>n— 

^^^^^^^^^ 

immortahzed host cells. 
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Polypeptides ^^^^^ ,,3ia„es connected 

As used heretn, polypepttde refers . ^ ^^^^^ 

--"-•-:rt:::::~::« 

— rrlt— n^aytnclnde^^^^^^^^^^^ 
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M «al 354(6348) NATURE 84-86 (1991)), combinatorial 
„82-84(.991);H0Ughte„e,a... 54(63 ^^^^^^^^^ ^^^^^^^^^^ 

pl,osphopep«es(incluaing.embersofra„domorp^.ayJ^^ 

phosphopeptide Hbraries, see, • ^ „^,Uan transglutaminases and 

Such polypeptides may mclude those denve 
,H„sedenvedft„mmamma,.ant.ansgiutaminasesubst.^^.^^^^^^^^^^ 

po,„ept.dehav,ngan»tinoac,dse.uence,tncomp^^^^^^^^^^^ 

covalentHnkagestorestricttheconfonnationofapept^^^ 
,,ete™a„a,ogshal.also.ncludea.ypo^^^^^^^^^^ 
3„,ae,eted.omo.addedtoanamm^^^^^^^^^^^ 
substrate, but which stilUeta,ns,nh,bt.ory act,v^^^^ 

medtated microbial interaction with a mammahan host^ 

0.co„se,thepresentp..«^^ 
tectatiques. The present mventton also ^^^^ .^^^^.^^ 

p_t,nvention,hosteenswhtch.eg^n.^^^^^^^^^ 
,nd the production of polypept.des of the tnventton y ^^^^ ^^^^^^ 

,,,.,hegenettca,lyengineered(transdncedortransfotm«^^^^^^^ 

---trfZr." 

vector may be. for example, in the fom, ^^.^^^ ^ ^^^^^^^^^^ 

engmeeredhostceUscanbeculturedmconvenhonalnutn^tm 

,,..„promo.ers,sel.ttng«— 
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tors for use with prokaryotic and eukaryotic hosts are described by 
cloning and expression vectors for use witn p 

ethane. precpUation. acid exUaCion. an.on or caUon — 
phosp— e— o.aphy,M.opho.,c — 

r;;:::;:::— ^^^^^^^^ 

p.ese„.inven.ion,„c.ude.norgan,cac,ds u y^^^^ ^^^^^^^ 
percWoric acid. n,mc acid, thiooyan,c acd, sulfUnc ac.d P P 

,.jCe.a.eJ....di..M...,— 
M,oxidc and .he UKe; and organic bases sue as .ono-^^^^^^^^^^ 

,,,.e.h.a»ine,d.isop™p.a..ne™.M^^^^ 
optionany substituted ethanolamtnes (e.^. ^^^^ ^ 

, Po.use,na.ethodonde„.~-^^^^^^^ 

i.en.ifica.,on. prevention ortteattnentof—n^^^^^^^^^^^^^^^^^^^ 
,hepolypeptidesofthepresentinven.,onn,a be^es^^^^^ 
admixture with a pharmaceutically acceptable stenle veh.c.e. 
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techniques. deoending on the fom of preparation 

o,a. dosage fo™n,av,nc.ude any h^^^^^^ 

water, oils, alcohols, flavonng agents, preserva^t ^^^^ 
ofora,liquidpreparat,ons(e...suspe„sions,eUx,tsanasolu™s^^^^^^^^^^^^^^^^^^ 

..ehes,susa.,d,.ue„ts.gtanulat,nsage„.s,lu«-^^^^^^ 
,..,,„...eo.otalsol.d..P— 

Please forms may also be used. Because of t pharmaceutical carriers 

techniques. ,.r.ilv the carrier will usually comprise 

For compositions to be administered pare ter"y,*e^^-^^^^^^^^^ 

sr;=— ^^^^^ 

injection. ^ rv,e,v he dissolved in an appropriate 

sodium chloride, glycine and the hke,hav g ..^se skilled in the art. 

The amount administered will depend on the activny 
administration route. The amount 
compound administered, which may read.ly be determm 



art. 



30 



Antibodies polyclonal, monoclonal, 

Antibodiesofthepresentmventionmayincludeanyp y 

.uman.zed,ant..diotyp.,ch.mencorsinglecha.nant.h^^^ 
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po,ypep.desof.hep«sen.i— 

A„othere™bod™e„.of.epr n 

p„,„ep.ides of the present tnvent.on (or an ant g n ^^^„„„„„„„ ^,,„dy- 

p.„,noed..ntetnoasreco..zedint.ear., — ^^^^ 
produoinghybridomas.Kohler&M>.stem, 256(5517) N. 

Milstein 6(7) EUR. J. IMMUNOL. 511-19(1976) f(j,e present invention (or 

^„e.bod.mentofthe invention, pun«ed polyp ^eso 

.^antigenicportionthereoOcanbensedasananttgen.— 

„.roorganisntse.press,ngHWPlpro™o.erre.onp.^^^^^^^ 

.ereofalsorepresentpoten^ant...^^^ 
.i™alst„obta,nso™at,cc„ ^ 

antibody and, m particular, Blymphocyt _,a3„ablas. stage fuse 

„„e.Thoseant,body-produeingc.,stbatare.n*^^^^^^^^^^ 

preferentially. Sontatic cells may be derrved extent on 

«„odofprintedani,nalsandthelyntpha„ccel,sofc.cedepen^^^^^ 

.eiren,piricalusefulnessintbeparticular<.s,o„syj^^^^^^^^^^ 
animals canbe used asasourceofantibody-^oducnS^P^^^ 

,veabi^erpercentage„fstable.s.ns— — 

„bbit, and frogcells is alsoposstble^ Airman y^^^^^^^^^^ ^^^^^^^^ 

producing antibody, specifically B lymphocytes, are su,t^l 

,,„„»».»-..i.n«"' »* 
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Vol 1 Elsevier/North Holland 
(edUoORBSB^RCHMONOCa.P«smlMMU.OLOOV,Vo,.3,E,S 

Biomedic. Press, NY (.98.)). .p,„,„„„, sp.een or .ymph node cel.s and 

Methodsforgenerannghybndsofa^ y 
„,,omace,,susua,.ycon,pnse.»nsso™a c „s^^^^ J^^^^^^^^^^^^^^ 

(.hough the proportion may vary ftom about ^ ^^^^^ ^^^^ „ 

of^agentoragents(che.„ica,ore,eemca,, ^-"^^^ 
oaenpreferredthat the sanre species ofamn,a^s^ ^^^^^^^^ 

„ye,on,aceUsusedin.he.^s.onpr— Hu 

3.d Mi.s.ein(Koh,er&M..ste.. 256(5 .7)^^^ ^^^^^^^ 

Hu..:..MMU.0.3..-.9,..76))» V^^^^^^^^^^^ 
(1977)). The fusion-promotion agents used by 
po.ye.hy,eneg.ycol(PEG, respectively^ ^^^^ ^^^^^^ 

The monodona, ant.bod,es of thts ,nven ^^^^ ^^^^^^^^ 

discrete ant-gensexpressedbymicroorgan.™ .^^^^^^^^^^^^ 

classifications of prognosis. ^^^^^^ n^icroorganisms. For 

«--::::;:e::::=^ 

3„ee„ingofhumanb,o,ogica. fluids for thepres^on^^^^^^^^ 
,.o^i.ed./«..oinnnu„osero.ogica.ev— ^ 

suchasp.eura,flu,dsor.yn,ph,canbet^»^o P ^^^^^ 
epitope, either as released antigen or membr^e bo^ ^^^^^^^ ^^^^ 

^onoclona. antibodies against the polypeptides o ^ .^^ 

.dioimmunoassays or enzyme-linked immunoassays Icnown 
enzyme-linked immunoassays. 
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™„oc,o„.— es.Punnca..o„of— ^^^^^ 
filtration sterilization has been descnbed. M.Uer 

andTherapy 134(1982). , „,„hv techniques may be used to purify the 

A,temat,vely,immunoatf,nitychromatography.echntq ^^^^^^^^^^.^^ 

monoclonal antibodies. The purified monoclonal anttbome 

intravenously. 

compounds, fortnstance.rad,oactiveiodine. and adnttnt^- P^^^^^^^^^^^^ 
nonheanttbodiesatthein^^-^^^^^^^^ 

— =:clon.se.o.e.apy.ay.a.— ^^^^ 

onhis— n.By«ayonnust.at,onP^^^^^^ 

.hssolved ,n an appropriate carrrer, e., sahne w 

appropriate dosa.eana.sadn,i„isteredto apa.^^T^^^^^^^^ 

preferably administered mtravenously. ^ „f ^^eks during which 

hours, as ,n Miller et al.. Infusions can be adnuntstered 

the anti-microbial effects are monitored. .^ued herein arc used to stimulate the 

, an alternate embodiment, the antibod.sdescn^e~^^ 
..oauctionofcorresponainganti-idiotypicanttbod,-^^^^^^^ 
antiidiotypes are antibodies directed against the ant, en om^^^^^^ 

,«ofanothera„fiboay.B.^^^^^^^^ 

(Jeme, 125 ANN. Immunol. 373 (1974), ,ue) for a given antigen 

withanant,bodymolcculeexpress,ngaparatope^.gc 

shouiaproduccagroupofanti-ant,bod,es,s„meofw h^^^^^^^^ ^^^^^^^ 
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with the monoclonals. ran be used in conjunction with abroad 

spectrum of phanuaceutica. or cyto.ox.c agents *a. e.ectwe V 

, e_U.host. Thentethodsuseaforbind-ngthec^ to c^^n 

.U.odv.o.eeu,eca„invo,vee.hernon-cova.e„.or— ^ 

,„„...e.ore.e.to..— 

covalent lirJcages are preferred. For msta Bifunctional 
^oupsof.hepharnraceut,caUge„.toam,nogroupsof— 

,e„.s.c.a.d..eMesorir„i— ^^^^^^^ 

a„,ir>o groups of the antibody n^olecule. The Sctafl „ „f , cytotoxic 

^.ihody— . ThisntethodinvoWesthepeno — 
.,entthatcontainsag,yco,orhydroxygroup..husforn,.n y ^^^^ 

been coupled to antibody molecules. .:,^ostic kit for detecting a 

microorganism expressing a protem. including agents for reducing 

„,othercomponentsofthes,g„a>producmg^^™^^^^^ 

.ac.groundinterference,co„tro,reagepor^^^^^^^^^^^^^ 
,„rconduct.ngthetcs..Thehind.ngof^U^2^^--^^^^^^^^^ 

methods, including radiafon (e.^, use °f „f ,aye such 

er^yme that can causeacolor Change inasttbstratV^^^^^^-^^^^^^^ 

.propidtumiodide, fluoresced, orrh„damtne),=«d,um n c-^^^^^^ 
phosphatase substrate that releasesphotonsuponcleavage or luctfenn). 

''""'t— rbeendtsclosedbroadlyandtllusirated^ 
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. , nd not Umitmg of the remamder of the disclosure in any way 
examples are illustrative only, and not limiting 

whatsoever. 

EXAMPLES 

Exa™pUl:Ro,eofHr«in.Hero™a.i.o»f— 

structural features of .he geoe product »' ^J' " ubrary 
The complete HWP, gene was obtamed by — ^^^^ 
„,bcmA.hicbhadbee„iso.tedro«owins.n^— «S0fa^^ 

„...rvwi*hypba-specif,ca^.ibod,es^S^^^^^^^^^^^ 

«^^'--^^^^^™7°r„ :;tobep.ese„ton.heprotei„surfaceanahasa 

,s more hydrophiUc, more ac,d,c. „„i,ue„ess of the 
higher ant,ge,ticmdex than the remamderofHW .^^^ ^^^^^^^ 
,„«,enicdomai„thatwasprevious,ydescr,bed,te n„a^^^^^^^^^^^^^^^^^^^^^^ 

sharesfeaturesthathavebeenfoundmotheryea^tcenw^^^^^^^^^^^ 
pe^entageofserine and threonine residues thatleads^e^^^^^ 

threon.ne.Xhed„n..^^^^ 

::::;:r:=.rtentofproh„er id s.^^^^^^^ 
:r=::z.o::^tnoacid^^— 

.e,,surface,mayhe,pe.p,aintheexposnroft^^^^^ 

surface. Jentoft, 15 TR. B.ocHEM. Sc. 291 94 ( ^^^^^^^ 
resultinginalac.ofcarbohydratemas..ng.nt^e^,-^U^^^ 
.,,est that tbispeptide sequence tstmportant fort— ^^^^^^^^^ 

Theftrst serine.threonmere.on Shows — ^^^^^^^ 
215;.Mo.B,o..403-10(1990))tom„c,nsfromd^«e^J ^^^^^^^^^^ 

..hreomneresiduesin« 
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,a.,noaci.pos..ons24.,^6^d ^ ^^^^ 

,,arophobic C te™.nus .n HWPl s s „,„„o,,o. (GPl) anchor. 

p„.e,ns whose maturation tnvo.ves tmtsfer to a g y y ^.^^ 

HWPUsaciaic,hav,ns63negat.vechargesa e^^^^^^^^^ 
33, „Mch ts expecte. to contribute to the strong n^^v h^^^^ 
hyphae. PoHowing si^a, peptidase Ceavage aft r am „ 
HWPlhasacaicu,atedMrof6UU2.S^beta^(«^^^^^ 
..econ>p,eteprediotedopenr.^ng.^^ P^^^ 
mechanisms leading to the expression of HWPl ^^^^^^ ^ 

...Ctermim^econststentwithent.,.^^^-^^^^ 

modification wim a GPI anchor (Englund 62 A^a ^^^^ ^^^^^ 

,espectWe,y.ashasheendescrihed for other ye^tcew^^ 
; addttion precedes covalentUnkageofprotetns to the cel. «a 

BIOL. 4825-33 (1994). 

. i,i„„HIW>/ and a revertant that are 

otherwise isogenic with the parental stram. ^ 

TwogenomicBamHlfragmentscontam.ngH.f'P' ^^^^^ 

. T t-^o r^T?M-12 (Promega). hsirseeidi. 
.enomiclibraryconstructedtnLambdGE 

,.gments.ereclo„edi„pB~^^^^^ 

Kb msert). An uninterrupted HWPl gene ^^^^^^^ 
mropGBStocreatepOBH^l. 
,5 DNA between the Be, I and Bg^ H st. s 39 P ^ 
P5921. Fonzi & Irwin, 134 Genetics 717-28 (1993). 
„tedH..;wasnamedpHWP^n^^^^^^^^ 

_.:!=::lTprotocoldee_^^^ 

^^^^^ 

GENETICS 717-28 (1993). ^ 5.3 kb 

..chcutstnthepolyli«n — 

fragment harboring the hisG-URA3 hisU 
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o..,csn,.sa.,3>).Po— ^^^^^^^^^^^ 

Wonnants were screened for the des,redr of the twelve Ura* 

tartsformants analyzed, three d,sp. y ^^^^^ manipulations. To 

even, at the mPl locus. One stratn. CAH7, was cho 
_e.he...selectah,e.^..« — 
eontaininsS-nuoroorocac. -^^^^^^ 

::;crri::r.:ie.^^^^^ 

; with the disrupted HWPl cassette, an transformants 

3 .nte.a«onof*etrans.rnrh.OH^^^c^^^ 

; analyzed harbored the desrred drsrupted HWPl toe 

% ...-ur^esasdetectedhyind^— ~ 

5 AnUra auxotrophic denvative of CAH7-1A was ge 

:\ medium. ci^athewraWP/ strain, CAH7-1A1, as 

u An/f.^;-revertants.rainwascrea,edbyus,ngfte«™W 

■i arec.pte„tstra,nfore,ual— (5.seach>ofH.dina^^^^^^^^^^^ 

T^ivT A Pn^tlethwait & Sundstrom, 1 / / J • d^*- ' J^*^' 
P,0 -'^""■^-^■'''"r^^^predC^enolasegene. Ura. 
- (1995). ' ^,„Aofgern,tubes,andone 

.^sfom^ants were screened ^'^^'-^"^^''^"^rcAHRJ had the desrred 
, rAHR3 was further analyzed by Southern blottmg. CAHKJn 

te>nsfom,ant.CAHR3,wastar. ' ,<^„3, and one of the enolase loc, 

homologous recombination .nsertton at the HPW/. .A- 
,3 wasd,sruptedwith.^3.Therewerenod.stmg..^^^^^^^^^^ 

CAHR3 andCAH7-UUra. single drs^ptant. A., ft^^^^ 

U,„i,a„dinsohdmediaexceptwhe„dropp^ — 

as expected, the HWPl^ revertant stram (CAHR3) posses 

. , HK„ IF A The immunofluorescent results show that not oniy 
-*^^"^^='="^'';t,rura..hedevelopn,enta,hypha-spec,f.c regulation was also 
30 gene replacement successhrl. " ^^^^ ,,,, ^^p, ^A. Staab et al. 

maintained, ta other expenments, CAH7 lAw 

(1999). 



i„adhesio„tobucca,ep.he.,aUe,,s.HWP.ano g ^^^^^^^^^^^^^^^^^^ 
.„BECs.hatwereresista„..o— tw,,hSD andhM^^^^^ 
5 adhesionwasabroga.edbyk„ow„,„hibi.orsof..sglu— ^ 

. ■ Th. hnmozvaous HWPl mutant strain, CAH / ia, 

CAHR3 ^""^C^'-'^^"''""" . . ,HWP1 was shown to be a substrate formammahan 
:nbioche.tcaUxperi.e„ts.teco— H^^^^ 

,v. HWPl is important for sys.e«>ic candidiasis. ^ ,„3i„, of c. 

r lethal eandidiasis compared to strains w,th HtrPL 

\ V. HWPl is important for gastrointestinal candidiasis. ^.^.^^^ 

Beisenude,Epsi,on26a„dbe..ehetmicewerer^ nJ^^Gn. ^^^^^^^^^^^ 
^ .UheU..versit.ofW.sc„ns.n,^.diso„.d^^^^^^ 

Most mice were used a. the age of 4 to 7 weeks, ^„dated on Day 0 

,.o.„.„.d.Bothma,e^fe^^^^^^^ 

With C. albicans strains CAH7 (HJ^/^// P h ^ ...t^inin. 



25 and 



..„nidiaper,m,.Miceweremainta.nedinsten..s^^^^^^ 
watched for signsofiUheaUh including lethargy,™ nedot^n^S^^^ 

a^aemaciationthatmandatedsacnftcing. ^>>-*;-™ ' ^a. pellets were 

synonymous and areusedtnteroh^seablyinthedescrtp^o e^^^^^^^^ 
eollectedto verify that an^malswerecolonizedandov^^^^^^^^^ 

• oic i.5,d received Upon sacnficmg, quaniiiaxivc 
.,,,c...thattheaninialshadr e.^^^^^^^^^ Quantitative kidney 

contents verified the presence of C. albicans in 
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.,..sw.epe.o™ea.o— — C._H.— ^^^^ 

gastroin.es.mal tract. , „,„ece,ved C. stains with H^W «ere more 

Gno.ob,o.ic beige nude m,ce that rece, ^^^^^^^^ ^^^^ ^^^^ ^^^^ 
pronetofailuretothrivethanmicethatrecetved heterozygous C. 

;,re.). OuiytwooCsevenbeigeuudetn.^^^^^ 

strain and one of four mtce gwen the HWF ^^^^^ 
weeks, in contrast, oniytwoofU mice that recetved the .wW ^^^^^^^^^ 

u The survival difference between groups of mice that r 

a»icaM became ill. The survi , „„il mutant was statistically significant ( P 

„gote strain CAH7 compared to the .WW nu-^-^^^^^^^^^^^^^^^^^^^^^^^ 

.0.03).Thecombmedgroupsofm.e*^^^^^^ 

revertant. also showed a significant difference m ^^^^ ^^^^^^ 

mutant strain. Theabsenceofasignific^tdif.ren^e^n^^^^^^^^ 
.He revertant strain and the *wp/ null mutant (P - 0^ ) ^^^^^^^ 

The survival of Epsiloniom .w received H»7>/-containmg 

strains used for monoassociation.All m.ce^^ 

heterozygous - ^Mcans 
^- becameiU. Only one mouse that received the reveit^ „„ta„, strains of C. 

significant (P< 0.01). 

E«mple2:Reg«latiOBOftheWPlgene 

,. Sequence of the 5' flanking region of HWPl. 

r^f mP 1 that IS expected to conidiu f 
T'^-''^'''™"^""' fra^entofC.a/6,c»sgenomicDNA. The 

seciuenceshasbeenisolatedasal. B J^^^^^^ 

cloned /frW promoter region includesl 467 PP ^^^^^^ ^.^^3 

struCuramiKWgene. Genetic organization of the upstream 

with clonedDNA indicated in the shaded portion. ^ ^^^^^^ ^ 
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fthf. transcript Searches for potential 
.33 found 67bpups.ea™ fro™ .hebe.nn,n,ofthe—^^ 

binding sites in fungal matrices using Mattospec.o^ . 
,,..0.s.es>.HO..site.^^^^^^^ 

.he 1,467 nucleotide sequence. A S. .^^^^^^ ,3 

" -ru-.-.-..-"— r::™r— ^^^^^^^ 

NIT2 sites in opposite orientations near posttton 800 that form 

°-^''°='"°^^^;'r!;„,URS-swerenot found ,nthe6.3bp figure between the 1^^ 

Matches to UAS s or URS s we (h„mologue of the human AP-3 

,..eandthe3.ne.ghhori.ge^^^^^^^^^ 

complex unit was mapped to th,s locus by 
University).Thesefmdingsindicatetha,a,l ftheneces^^^^^ 

—en talregulat-onarefou^w^^^^^^^^ 

The numerous srtes for NIT2bmdmg.s gn 3^,„,al genes 

„™.™...ag,obalposit.«.t.ngt^^^^^^^^^^ ^ 
When preferred nitrogen sources are lacking. ANU2 

virulence genes in C , ^ . t r AT99 (GAT-1 or GATA like protein) 

AsearchoftheCa/..ca„. genome revealed that GAT99GA 

. XTTT9 The GAT99 predicted amino acid sequence 
is highly homologous to NIT2. The GA P ^^^^^^ ^3^^ 

homologous to AREA, NREandGLN-3. NO: 3] was 92% by 

--..otheSO-residueOKAbind^om^^^^^^^^^^^ 

the ALIGN program and is Shown mFigur - , ^f HTTP/ expression may be 

,_.HndmgOAX.inC..«^^ 

location, and onentatton, strong Nli »„e or opposite orientation. There are 

elements located witHn30bpofeachothermthe same c^^o^P^^^^^ 

^eesuchpairsof..T2si,esintheUa7bpups^^^^^^^^^^^^ 
560,thesecondatbp800andtheth.rd tbpl 46. S ^^^^^^^^^^^ 
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eo„espon<i,ns.<>.es,dues69^7 a^^^ 

showed that translation otHWPl termm nucleotides from the stop 

shown in bold. rpadine frame (bold-italics) 

.efettti„..0Ft^re6[SEQ.n,.NO:4,a.™„-a^^^^^^^^ 

_st..ofn8 atn.no ac.ds,«w.a^^^^^^^ 
,ee„donhee,one(undetUned),ex..sat^^^^^^^^^^ 
an additional gene. The hontologue of RAD2 (exe J ^^^.^^ 
.eadingfran,eh.theC..«c..Se,ue„e,„gP.l^^^^^^^^^ 
open reading frame showed that thts gene .s no. dttferenually gu 
both yeast and hyphal forms). 

HI. Kinetics of Expression ofHWPJ mKNA. „„ Northern blots 

:„.alst„a,essh„wedthepresenceofana^n.^^^^^^^^ 

, -honrsafrer.n.tiation.m.s— ^^^^^^^^ 

M199. To gam more mformatton about ^^^^ ^.^ 

.ereperformedoncellsplacedinpre^^-^ 

these condtttons, close to 100/oofth ^h^ presence of nearly equivalent 

« observable. Each l»e contains 2.5 '^^^^^^ p„be which 

_ntsofK..ma..la„esw^e.fr.^^^^^^^ 

eonfrolsfors^pleamotrnt^^^n^^^^^^^^^^^ 

fragment by PCR. The PCR „f ^.e 

blots. Theblotswere first probed wtth /f^-W cDN 
structural gene that encodes the proline and glutamme-nch repetttive 
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stabilizes at a low level. ^^^^^ ,„be 

Toco.elatetheprese„ceof//rWmJ^^ 

:r==':i.~.— — ^^^^^ 

u A surface HWPl by 20-25 minutes. 
,ese„ceofv,s.Me.e™tu^s.a.^^^^ 

TVip kinetics of //frfy expression irTrn^r 
Itie Kinetic of message levels is similar. HWPl 

house.eepit.gsenes,bu..heoverannsea^dM^f™-B^^^^^^^^^^ 

„essa.e,sev,aentne.,.a„hou.ea....*^^^^^ 

abundant glycolytic enzyme, enolase, that ts present y ^^^^^ 
b„.„^A.pca.at3.1to„sanaa.p— ^^^^^^ 
„on-.evelopntentany.e.ulatcasen.^^^^^^^^^ 

rriTieiit— — 

^.tMb.u.binte.c.ionsof....upst.ean,se,n.^^^^^^^^^^ 

. :=::s=e=^ 

such as enolase and actin during germ tube growth. 

«e3:Crea«.no,anW«:GFPrep.rte.f,.sio„Co.— ....eHH'P. 

. '""";.;.GPPreporter.Usio„wascreatedformonitori„g.heWP;pronroter^^^ 
,0 WW.GFP P ^^ ^,j„,,3 the activity ot the nattveH^W/ 

verifying that the appearance of GFP accurately 

promoter. 
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albicans. ^ ceveral reasons, the first 

V, v.tnu^e the fiVO genomic locus was made for several red 

Sundsttom, 177 J. Bacteriol. 1772-9 (1995). S .„ ,,3,emic and 

^cosal candidiasis sn.d,es was prepaid us.„g CO-.— n^^^ ^^^^^^^^^^ 

formed or expression of HWPl on germ tube surfaces. ^^^^.^^ 
• ■ , c.^ftbeEiVO locus is similar to use of the ^i^ii^ioou 
In principle, use of the ENU precedent has been set 

p.„o.e.or.e„esinvoWedi„swUcl,™s(S— e.^^^^^ 

e.p„ssed,house„se„ . avaUa^Hity of *e >ocus does se.e 

more cumbersome to work wrth than ADt2. 

asafaUbacKge„eshouldprob,emsw,th.he^A.O.ocusar,se. l.e.Z>^.g 

oouldnewconstructsutilizing^M2mustbemade necessary that 

XheHfTWlocusisnotpaxticularlyusefulforthtsworkbecausettts 

promo.::,uencesthataremanipu.atedand— edtnto.^^^^^^^ 
:onstntctwerei„.roducedattheH..noct.s,n.ve^^^^^^^^ 

0 confoundtheresuUs. -----^^^ rl,^,^^^^^^^^^ 
of the region upstream of the promoter. This requires 
:I:;:smidwhich,snotava,lab.erorC...c...orectoprce.press,on. 
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I. Plasmid construction. expression. 
To be able to easily assess the role of HWPI llankmg q 
. ■ nofWW'P/wasreplaoedwiththatofthegreenfluorescentpro.emCGFP) 
thecod,ngreg,onom«'«- P ConnacketaLThe 
which has been opt.mized for expression .^^^ 
„a„sfor™ati„nrec,p,entisthe»raauxo.rophCAI4. " ,^^^^,„, 
™e in this strain are used to correlate the expression of GFP message 

are: 

1) 1,467 bp of HWPI upstream flanking sequences, 

2) 352 bp of downstream flanking sequences; 

3) the C. albicans enolase gene disrupted with the C. albicans 
URA3 gene for selection in the ura3 strain CAM, and for 
targeting to of one of the ENO gene loci of C. albicans; and 

5 4) aplasmid lacking upstream sequences is used as a 

negative control. 

„.ation Of C ..cans an. comparison of CFP expression to expression of 

the native chromosomal HWPl gene. ^^^^ ^ 

Plasmid 7/ffPiGFPl was digested with C/a I (arrow, see Figure j 

..jr..e„^»...;™j-— ^^^^^^ 

- 1. WWPIGFPUPGFPI) served as a negative control. 

, ^"'t:— rrirXsoiernh.^^^^ 

enolascr. - Southern blotting expenments were also us. ^^^^^^^ 
numberofpHWP10PPl.NAi„sened.n...^^^^^^^^^^^^ 
one copyofDNA will hecomemsertedT^e cop 
determined by comparing hybridizatton mtens.hes of DNA fro 
30 standard curve of GFP DNA to identify transformants w,th a smgle copy 
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p.oceau.e«asapp«e.in.„*efoUo..sexpen.e.s.oensu.e.H.s„.ns«^^^ 

i„.egra.io„swmbecon,pareaforGmeve^^^^ 

GFP expression under the control ot the nwri v 

, 

that the sequ ^.^^ epifluorescence 

, 1 „ the iMZ)2 Rene which is just downstream of the HJ^FJ 

Stable mtegrafon of the H»fTiprom 
= .avea,sobee„a..e.ea.U — 

: ^^^^ 

To^X.:.o.seno™.O.^a.estea.U..^^^ 
==== = 

" '"^'^rrjil— t.ns«e.<.p.o.ea.os^ 

Several growtn transformants were grown to 

stattonaryphasetn YNB (yeastm « fresh YNB at 27", or in the four 

.e.peratureheforep.ace.nenUnprew^^a7^^^^^ 

..perature for 3 hrs The oeUs ^^^^^^ 
incubated in M199 and Lee s pH 6.8 at 37 . A P ^^^^ 
genn tubes but was found throughout the cytoplasm of C. alb.ca„s 
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that are present mHWfl.m 11 , Pand B) and 

MucUon of gem, tube formatton (Figure U, Pane, A). Yeast F,gu 
pseudohyphae (F,guren,Pa„e.C) forms didnotexp..^^^^ ^^^ 
Otve„t.e,acKofOFPexpress.on.nye.tro™. s^^^ 

wmfluorescewithouttheflankmgsequences. However.as p,„nce m 

„und— enee,ap— ^^^^^^ 

express.gstra,„sareco.p^^^^^^^^^^ 
,ep>asn,,d,oea,.^d.^ENO^ 

abmtytomergeDIC.n.ges^^^^^^^ ^^^^ 

To show that GPP does not , GFP-producmg 

— "t;)To:^^^^^^ 

•-—<''^"^''\ :HWP.co„.dbe detects 

„.ther than FITC were used, so that oFP-producing cells compared to wild 

differences were noted in the appearance of HWPl 

type cells and parent strains. ,,,, r.FP construct is fimdamentally 

The,ackofinhib,tionof//lF«express,onbytheGFPconstru 

i„p„.antin.hatitshowsthatartifactua,mfluencesonn,echan.snrsregulat.ngHr. 

expression will not occur. assessment of GFP production 

HuorescencemicroscopywiJL^wrap, ,uah^— 

.utwnlnotpermit,uanthat.emeasurempFlow^^^^^^^^^ 
3i„p,emethod to determine fluorescence levls^Thenu^^^^^ ^^^^^^ 

nuorescence are determrnedbyflowcytometry after ^^^^^^^^^^^ 
offluorescenceforadefmednumberofindw. ua,cells.^e^u 
,3 willbedeterm.nedinprel.m.naryexperiments)ts,u.^^^^^^^ 

r::M;::.atdidlgermmate<approx.^^^^^ 

fluorescent (Figure 13, Panel A). fl„orometer is also be used to 

quantitate GFP fluorescence. The em,ss,on ^ i^^„ of protein 
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fl„« c^o^etry. BO* .ethoas a. —yused.o™on,torGFP expression ana the .esuU. 
fro. .he two methods a.e expected to be co^parab,.^^^^^^ ^^^^^^^ 
To further ensure that GFP expression reHects HWPI expres ' 
auction of GFP mRNA was correlated with the kmetics of expression omWP, mRNA. 
3 rr~.swithin20n,.nutesofp,ac.nsveasts.nsernrtubeinauotion^^^^^^^^ 
rherottinrw.ththereporterstra.„isa,soperforrned,a„dGPPn^A.s^^^^^^^^^ 
r;l.ati„nandcorre,a.edw,.h.heprescnceorW..nrKKAMt99.^^^^^^^^^^ 

The kinetics of the disappearance of GFP mRN A IS c 

ofH^W mRNA when cells are transferred from induction to repressmg conditions. Two 
off/rWmRNAw ,„ the first method, cultures of 100% germ tubes that 

methodsforrepressionareemployea.! hej^.^m^^^^^^^^^^ 

havebeengrowingassermtubesf^r..^^^^^^^ 
..esuspensioninM,.at30..brbothc.^^^^ 

:::: :;:r:r:r=rim^^^^^^^^ 

,0 br—dtheappearanceofcellsisao^^^^^^^^^ 

camera. Thus the kinetics of GFP expression is correlated with W7 mRN 

during induction and repression of germ tube formation. 

Exa,np.e4:Ide„.ifica.lo.. of p-tatlveUAS and mS elements tha. regulate WPi 

25 expression. 

I. Deletion analyses. determined by 

The locations of ^acting regulatory sequences upstream o^HWP, de 
perfomiingthereporter experiments usingplasmids which contain aeletions mH,^^ 

30 epressionwiththede,etearegion.Constructslacking5-se,ue„cesarealsobe.^^^^^^^^^ 
TheinitialanalysisoftheHlK/'/promoterregionistoidennfyregionsthataffect 

_I:bydeletion.alysis.O.A.agmen.shavi„g,essand,^^^^^^^^^^^^ 
secuence for fusion to theopenreadingftameofGFPwere created (Figure 14). 
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f rmeA bv PGR With Oligonucleotides to sequences progressively 
closer to the -1 site [SEQ. lO. iNUS). ^ i j , • j /-^RQRpmi 8^ 

Site-D,rected Mutagenesis System CMad,son, WI). Th,s h,gh el y y 

,ege— .ase>ect.„oroUso„— ^^^^^^^^^ 

a„eofa„£.co«st.ain — attheMutSge„e(DN^^^^^^ 

„fp,as..dDNAwUhou.se,ect.o„ag.„st.Wes.e — 

venerating simultaneous mutations using one template, a feature 
rleeffectsofvariousmutationsinasingleconstructonGFPtranscnptton. 

Study the etiecis oi v u^^dlll site in enolase is generated. 

■ ^ Ti,f.rp<;ultineplasmid is named pHWFUjfi:'/, 
.nenolaseisverifiedbyDNAsequencmg. The resulting P .^.^j,-,,,, 

. • A.. nHWPlGFPl in transformations of C. albicans. The loss ot 
andisusedaspHWP10i<Pim „fGFP observed with the original 

,0 enolasesKou,a„otarfectthedevelopmentaUegu,.on^^^^^^^^^ 

pHW^lOPPlconstructsi—s^e^^^^^^ 

el^mosomeanaarenotanvmgG^^^^^^^ 

P«^'°"^'*=°"^t s T^eZpurifirconstruc. minus tl.el.46.b.ag,nent is 
construct by gel electrophoresis. The gel punlie 

promoterlessconstmct. The 5 overhang fHNTPs SelWigationofthe 

usingKlenowDNApolymerasefragmentinthepresenceofdNTPs. ^^'f 
Z-e„dedp,asmiaproducesaconstructwtthoutapromoterthat.snanredpGPP^^^^^ 
30 ol;onucleo.Lsforgenerati„gthefirstsetofde,et,onsareshow„mP.gurel4tSEQ.IO. 

NOS: 5-11]. 
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G^owth conditions.. To,de„t,fy UAS's, and URS. .hree .ndependen., single copy^ 
^s—sro.eacH — .ea„a..ed.co„dU.o„s ...induce .He ap^^^^^^^^ 

of growth. The conditions are: 
For germ tubes; 

1. M199at37°C* 

2. M199 with 5% serum at 37°C* 

3. Lee's medium at 37C, pH 6.8* 
♦Clarified, whole human saliva at 37°C 



20 



For yeasts; 

1. YNBat37°C* 

2. Lee's media, 37°C,pH4.5* 

3. YNB at 25°C * 
*Both liquid cultures and agar plate media will be analyzed. 

UAS'simportantfor WP. expression are identified by a decrease m ex^^^^^^^^^ 
GFPdunng germ tube inducing conditions compared to the strains with heinta^^ 

on URS'simportantforrepressionofH^Fi areidentifiedby ^.novo 

Z: try. For.uorometry,OFPfluorescencemextractsisdet^^^^^^ 

. • t nt. The average values for three transformants is used. A given 

:r.r:— rieL^^ 

:GPP,eveisco™pa.ed.ofluo.escenceof..a„s— swi.h.hein.ac.co„s.n.e.and^^^ 
aIaWSe.en.e„.ifi.sde.e.ion,eads.oa..eas.a3-fo.denha„cedexp.^^^^^^^^^^ 
;„w* as yeas.s.«„ce„fs„Hdou.n.res is assessed ,ua.i.a..ve.yus.ng.he 

25 fluorescence microscope. 

„.Fi.es.rue.ure™appin.a«dsl.e.airected mutagenesis o,DNAseg,„e„.*=.. are 
nredicted to be functionally important. 

.guJ^^e—luunapp— e..O0.p.™sse^^^^^ 
XinSof.he .e^ons deeded ..ponan., as se.fonh in sec.ion I. Fo. example ,.e 

Zl.sno.ea,oss,n.gu,a.o.ye,en.en.sin.he200bpse^en.ups..an.of.heTATA 
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element, .hen the spedfic location of*ere«eleme„t,saeten„inedby*e CO— 

results of several approaches: 

,)Thes™a,.es.cons.n.c.con.a.„ing.heele.entsisana,yzeabyde,et.ona„alyses 

3,n,nanothosedesc„bed above, h„thycons.ruc.i„sanew.e,e.on series wUh,n .he .e,on 

S of ,ne.io„ .0 generate a series of overiapp.ng deletions diffenns by 50 bp ,n s,ze. 

2) S,.e.direc,ed mutagenesis using .he Promega GeneEd..or ,„ v.™ S,te-D rected 
Mu.asenesisSyste.isusedfo.gene.at.onandse,eo.ionofoligonuc,eot.de-dir.te^^^^^^^^ 
mutations wUh,n the 200 base patrregion. The intact HrP;pron,otetteg,on.GFc— 
.used as the template fotmutagenesis andthe exact sequences tobe mutated ..11 depend on 

™h the results of the fine structure deletion mapping above. 
10 the actual sequence and the results oi inc i 

III. Impact of regulatory elements on minimal promoter. 

Lmos,deletedHWP:GFPconstruc.retai„s.heTATAbo.and,spred,ctedtob.nd 

basal transcription factors. Additionofregula.orye,eme„.s.o«.isput.ive — 

,5 promoter" may lead to an increase or decrease in basal promoter act,v.,y. The effect of DNA 
:rUASormSelementsonthishigh.ydeletedconstructismoreeasilypred.ctedonce.he 

minimal GFP fluorescence from *is consiruc. is de.erm.ned. 

E.ample5:Charae.erixationofDNAbindingpro.e.ns(DNABP)tba.regu.atethe 
= 20 HiyPl promoter. 

I. Electrophoretie mobility shift experiments. exoression 
e«-ac.ing regulatory sequences Urat are .he mos. potent regulators of GFP express.on 
.eused:iden.ifyLdcha.cte.ebindingpro.einsus.gelec.opho.e.cge,^ 
25 (EMSA) experiments. Prote.n ext^cts containing the putative DNA b.ndmg facors are 
Zlsermtubesand/oryeastsgrow„underco„ditionswhereregu.atoryac.™t^ 
rlt basedontheexperimen.sus.ngthemediadescribed above. Prote-next^^^^^^^^ 
pelleted as ammonium sulfate precipttates. Covitz&Mitchell.7(8)GBHBSDHV. 159 .60S 

^93). cells are washed, lysed with g,assbeadsinbufferw.thproteaseinh,b«^^^^ 
30 by.o!speedcentrifi.ga.ionfo,lowedbyu,.racentr.fi.gatio„toremovein.lublema^l^ 
DLisemovedfrom.heproteinextractsbyprecipi.a.ionwi.hpolyethylene,m.nefo,lwed 
^ycentrifUgation. Proteins .nthes„pe™a.an.areprecipi..edwithsolid_.umsulfa.e, 
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MO J lB>o.oov(Ausu.e.e.aUec.sO(.9SS, P.a,™e.se..«. 

^ fv^.,, tV,P<;p regions and are end labeled with LY" J^^ ^• 
oligonucleotides are prepared from these regions a ^^Ivfdl dQ 

^ 

„he„hypha,-ex.rac.s but not yeas. ext.c.s.euse^^^^^^^^ 

toportan..yeast-specificcomplexesw.nbefound. Altemat, y^^ ^ ^^^^.^ 

..„eptesen....ext.acts.o.„eUbetye— 
„„.pho,osy-spec,fioa.weUas„on-spec,«x^^ 

specificity. 

f .ffnrt^ to clone the corresponding gene(s) from expression 

' „ ,he non-denatunng gel, 

are crosslinked using UV light, loiiowcu , on« PAGE eels followed 

solubilization in Laemmli-SDSsaniplebuffer and separation onSDS-PAGE gels. 
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«enn.nedusi„ga — curveofprotei„sof,c„ow„™,ecu.arwe.gh.s. 

— "---::;r:::— ^^^^^^ 

regulatory factors tonative fonn from nuclear extractsof C. ^"'"^ 

..o.a.o..l..e.^^^^^^^^^^ 
.™.o.n,zeaor.Strepta.ain-coniusa.edD^a^^^^^^^ 
(Gabrielsen & Hue,. 21 8 METHODS ENZVMOL. 508-25 (1993)) 
'^""^:7XrABPs.nuc.eare.tractsfro.„cells.owr,.nappropnate.ea.^ 
,ucuJlLo...eaas.n.nat„s...erco— 

a,:,96(8)PROC.N^TuAC.O.Sa.USA451 -23^^999 ^^^^ ^^^^^ 

iden,if.edbythem.t.alsearch,PCRpnraersrep qma as a template. A 

genomearede^^edandusedtoampUfythegeneustngseno™^^^^^^^^ 

Zrr— leZeJapepttdeson...^^^^ 
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u M nNA sequences needed for primer design. If the 
,de„tifiedand,h,swU>poi„..o.heexae.DNAs«,u ^^^^^^^^^^^^^^ 

...eornersnor— e,and.f*e^^^^^^^^^ 

DNABPG. other methods w... be used to ,so ^^^^^ ^^^^^^ 

„„,o„uc,eot,de primers are designed to use tn PCR to^^^^^^ 
using genomicOKA as tempiateto senerate^^^^^^^^^ 
,e,uenceofthePCRproduet.sana^ed.v^^^^^^ 

fl^eprotern fragment. "'''-^ ~ ,„ art. Subclones in pBiuescnp.® 

isolate genomrc Cones of other genes by those skr ^^^^ 
onarge>ambdao,onesareobtarnedfo,,owe^ 

Cloned DN A as being representative of the PGR pr 

theDNABP. 

cj«a HAS or URS elements as probes. 
IV. cDNA library screen.-g »s.ng ^AS o ^.^^^ ^.^ 

An altematrve approach is to screen a C. a*.ca.. ^^^.^.^^ ^^.^ 

3 ....upstreamse,uencesident,f.edintberepori^^^^^^ 

experimentsdescnbed above. Currently-avarlabl^ ON ^^^^^^^^ 

.omml^Atsolatedfromgermtubesgrow^^^^^^^^^^^ 

necessary as determined by cxpenments or ehnea^ ^^^^^^ ^^^^^^ 

.indtomS'susmgrn^^Afromyeastsmlo— ^ ^^^^^^^^^ 

inserts ^esequencedandanaly^edforopenreadin^^-^^^ 

Toverifythatgenomicclones^co ™s^^^^^^^^^ 

recombinant DNABPs is produced m E. ■ y ^^^^ ^^^^^ 

within the coding regron) cDNA clon ^^^^^^ 
Ubrarypriortoproductronofrecomb^^^^^ 

productionotrecombinantprotemsm£co;.as, „ 
..nge.,herpOBXorh.s-.age.pressions..e^^^^^^ 
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and vectors*, fuse "his" tags to reco.b,na„tprc.ei„s are now^ 
lotnbinantprotetnsa.assayedbygeltnobil.tyshiflexperintentsus.ngtheprev.ub' 
r:"edJact.n.se,uencesasptobes, as wen asSOS-PAGE analysis to_^ 
oflputiftedprotetn to that .nitianyfound in crude extracts, proeeau.es that ptovtdes 

::Sstudied.Puri.yisassesseabythede.onstrationofasing,espotont.od™e„s.ona. 
electrophoresis. 

V. Characterization of DNAbindingprotelos by con.pu.erana.ysisof .he predicted 

"""r:r:\so,ated.on...braryscreen.n.areusedt„screena.eno..cU.^^^^^ 
C.„/M«..Ge„o,„icc,onescontainingproteinsthatbindre,u.a.orys«,uen^^^^^^^^ 
are eompleteiy sequenced on both strands. The BLAST progran, ts used to search the 
IlasIthroIghtheKattonaiCenterforB— y.n— ^ 
,5 inotherorganisms. Tbe predicted protein sequences are extenstvely analyzed for the 

;senceofhydrophobicseg.ents,c.usterrnsofacidicaudbasicresip..o^^^^^^^^^ 

Phenylalanines, protetn kinase target sites, nuclear locahzation, ztnc finger, hehx-tum hel , 
Tol olinlifs and leucine Zippers that arel^own to exist in other DNABP. 
nrplneeofo.hera..noacidn.otifs that spectfy functional attributesofproterns as 

20 well as for secondary structure. 

IV. Localization of DN A binding proteins. ,„r„,oteinin 

DNABPS exert their effects after locahzing to the nucleus. The presence of pro. m 
the nucleus should correlate w.th the growth stage-specific binding determined m the gel 
. ;o:nift.says. Tontoui.orexpress.onofthe.NABP.nexpeH.ents des— ^ 
ONAencodingac.myetagtha.hasbeeneng.neered.oreflec.thecodonus^ 
isfi-sedtothereconrbinantprotein. ThetagisiUsedtotheC.ernr.nusof he 
suspicionsarise.hatpred.ct,n.por.ant functions fortheCternrrnus, or thap.^^^^^^^ 

telinus is unexposed in the interior of the protein. In these cases, secondary structure 
30 pitlandpredictionsaboutconserved— ln,otifsareconsideredinpos.t,on.^^^ 
Cye.agi„aloeatio„thatisexposedo„thesurfaceoftheproteinfor.n.eract.o„w,th 

commercial anti-c-myc monoclonal antibodies. 
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Thec-myc-.aggedDNABPGisintroducedin.oCAI4byspheroplastco- 
„.„.o™:LlitsLe.ocus.Co-.a„s— 

„yc-tagged DNABPG at >.s —soma, locus is perfonned by Sou^em blo„,ng. 
Ipo Lp™b,e.wUh*ep.viousapp.oach,s*a, — of*e.^^^^^^^^ 
l;;causeanifactuaUocaUza.o„.«ana,ys,softhe„ativep™^^^^ 
::lona,a„.ibodies.opu„f,ed— antONABPsarea.. 

aUnUbo.^^ 

BMSAZs.oveHrythanHec,o„ease„e.ep.ese„.s.Kep...ni„ex..c..ba.cause 

""r— nexpe— yeas.a„.o.bypbaea.e.^^^^^^^^^^ 
--o.cen«ans....y™..sea.a.U^^^^^^^ 

slides accordingto standard techniques. Pnngle et al., 1^4 , , 

Mo.BCUU.RB,OLOOV565-60UGutbrieandFin..ed.)(199.). CeU membranes are 
Terea ized with methanol and acetone ana ceils are tbenbe incubated w,.ba„t.sen™ 

p:;:?drpurif,edrecombinantproteins, or commercial monocionalant^^^^^^^ 

i:ly a.mitypurif.edPlTC-co.ugated goat anti-mouse ^^^^^^^^^^ 
controlfor nuclear iocalizat,on, control cens are stained wUhDAP,.wh.chbmds to DNA. 

CLcontrols consist ofantibodies to eno,ase.acytop,asmic protein whtchsouldn. 

^vlclear staining and rhodamine-coniugatedphal,oidinwh,ch stains actm^d also does 

::s::le,.Xh:seexperimentsverifythattbeONABPs.e,ocaU.edi„^ 

are present in the appropriate growth form. 

V Role of DNA-binding proteins in expression of H^Wi. 

TcdeterminethefhnctionoftheDNABPsinexpressionofK^.iasweUasmthe 

bud*yphaetrar.sition,ge„edisruptionswtnbeperformed.The^s.ptions^^^^^^ 
usingi startdardURA-blasterprotocol for C. aWicans (Fonz, & Irwm, 134 Gbnb.cs 7 7 
993)) which wasusedtodisntpt/Z^-P/. To ensure that the resulting phenotypes are 
, lZ-awi.hlossoftheDNABP,revertants.rainstha.havetheDNA-bmdmspr^^^^^^ 

TeXedarealsoprepared. Co-transformation was used to obtam 
lie — strains, and this approach is used to obtamreve^ants for these studies as 

Je ft-transfonnationisunsuccessfi.l.constr^^^^ 



aajacen. to the selectable a^3.arke.are prepared. Which are used ,otra„sfon„u.a-douMe 

knockout Strains lacking the DNABPG. 

Thero,eoftheDNA-bi„di„gprotei„si„H^P/ express.on is detent„ned us.ng 
cond,tionsduri„g«hichHWPUs„o™anypresen.. expression in solid tnedta. also 

sessed. Since n,otphogenesisinnon.,„uidenvi—s™ybereleva„t.od,seasea^d 

cause se™ tube — .sson.e.in,es enhanced whenotganisnrsa^^^^^^^ 

3.ar or other non-liquid med.a. Anderson et al.. 52(2) I^pect. IMMU.. 458-67 ,1989) 
;:;;eanbedetectedonor.an..sexc.sed.onrasarsur.ces.Por.er.tub« 
.ohd„ed.a, yeasts arc added to a,3r™ed.a(M199 or I.e.sn,ed,aatneu.^^^^^^ 

priorto pouring as setforth in exan,ple2. Plates are incubated overnrgh a. 30 Ca,^^^^^^^ 
pinpoint yeas, colontes to forn, within the agar. Plates are then be transferred o37Cfor 
Luct,onofgennn.befonnatio„.Theextentofger.tubefomrat,ontsv,sua,.zedand 

photographed using a stereomicroscope equipped with an automatic camera. 

VI. Ro.e o, DNA-bi»di„g proteins in adhesion of C a.Mcans ,o b«man bucca. epi.he.ia. 



cells 



Null mutants for genes that activate HWP, express.on are compared to tsogen.c 
.rains with the gene in adhesion assays to determine ,f the lossoftheONABPGa^^^^^ 
adhes,on. If^rPi is not expressed, no stabUized adhesion .s expected, s.ce W; ,s the 
20 onlygeneencodingatransglutantinasesubstrateinC. albicans. It is posstble Utat 

conventional adhesins may be co-regu,a.ed with ^.r^^ and that the express.on of the 
Lventtonal adhestnsmay be abscntin thenull mutant. Both sta.liz«l^ 
adhesion assays are performed as prev,ous.y described. Staab ct al. (1999). 

25 Example 6; Identify global regu.atory networks by isoiation of genes .bat are eo- 
reeulated with HWPi using mini-array technology. 

Globalregulatorycircuitsthatleadtotheproduetionofhypha-specftcgenesaralso 

identified. Many examples in fUngi exist where global re^latory circuits affect multtple 
"ncs that arenccessary for growth in specific env.ronments.ItisHl.ely that C../.^^^^^ 
30 mployssucharegula.orycircuitforexpressingmultip,egcncsduringhypha-spee.ficgrowth 
cond..ions.TheDNABPGsidenfifiedprovideavaluabletoolforprobingtheC../6,c.„. 

genome to identify global regulators. 
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R„,e Of DNA binding proteins in con.roUing expression of Unown hyphn-speciflc 

''""several genes o*en.an...ihavebee„,epo«e..obehypha-speci^^^^^ 
H..;..C...mC««,ana.... Baileve. aUBirse.au Gowe^a^ m^^^ 
NATL. ACAO. SC. USA 6216-20 (1994); Hoyer e. al.; White & Agab.an. 1 7(18) L 
BACTER.OL. 5215-21 (1995). To determine if the DNABPG acts exclus.vely on «rW 
!pse=^DNA, or .fotherhyphaspecifie genes aresubjecttothesameregulatorye^^^^^^^^ 
LhernMott^gis performed us.„.KKA.otntsogentes.rains.ha.Haveorao no. a^^^ 
DNABPG(s).E,ua.amountsofRNAfton,thevari„usisogenics.rams that were grownm 

Tn^J-llg— s,s,oadedo„gels,andprobesforn— 
Lemalcontrolsfore,uWa,entloaamg.Prohes,raa.ola.e,eawi.h^a-"m^^^^^^^^^^^ 
.he random pHmerme.hod,incl«ae.hecoa,ngregionsof.heWP;gene,theKmgne, 
anaotherhyphaspecfic genes. "'HeDNABPG is important for express.ono^ a g,e 
hypha-specific gene, either as an activator or as a repressor, the level of mB^ A for the 
h:ha-secif.cgene.saecreaseaorincreasearespec.ivelyint..nunONA^^^^^^^ 
crmpareato.sogenicstrains(.nc,uaingacomplementeast«in)harbor,ngtheDNABPG. 
There,ativein.ensit,esofsi^alsonthemembranesisae.ermineabya„alys,sona 

Phosphorlmager. ^ e ^*uc. 

The upstream regions of known hypha-specific genes is also be analyzed for the 
p.scnceof.heUASanamSeleme„.sthatwerefounatobe,mpor.a„..Th„of 
heseelements ana thcNorthemblotresuHsusingRKA from stra,ns having the DNABGs 

..e compared to determine the relationsh,p between gene expression and presence of the 
:;ia.o;elements. Theaata generated from these studies heipdetc—^^^ 
between hypha-specific gene expression and the p« of putanve DNABPGs. 

II. Regulation study of the DNABPGs. 

lus possible that theDNABPG-sisolated are pn^ancea in response to an factor that 

mediates the franscnption of the identified genes, and that other layers of regulafon are 
Tnledmexpression ofhypha-specific genes. IfadevelopmentallyONABPG^^^^^^^^^ 
30 «.ensmdiessimilar.otheo„esperformedontheH^.upstreamreg.on,sperfo™eaonth^ 

upstream region of the DNABPBs. A reporter construct under the control of the new 
loterrconisconstruced. UASandmS elements in thisDNAse,uenceare,dent.ficd 
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wi,h the goa, of finding upstream effectors in the networks that regulate hypha-specific gene 
expression. 

„, Mioi-array-based, traoscriptiooa. analysis of a C. alMcans genomic library to 
ideitify and characterize genes under the control of DNA binding proteins. 

One may identify unknown target genes that axe under the control of the DNABPGs 
.solated above. In the near future, this type of experiment wiU be perfonned using purchased 
ch,ps or membranes spotted ,n known locations with oligonucleotides or PCR products 
representattveof eachopenreadingframemthe genome. Unfortunately.C/Wc^schtps 

membranes are not yet available; however, a • Vork-aronnd" method using prtmers that 
bind to standard E. coli vectors is proposed {see Figure 15). 

The proposed method is comparable to differential screening of a genomic hbrary 
with cDNA (prepared from mRNA) pmbes obtained from cells growing under diffenng 
cond,tions. This new proposed method is predicted to be more sensinve than differentta. 
screening, and Ure extensive plaque purification and subcloning steps inherent m standard 
libraryscreeningprotocolsisnotemploy=d.ThemethodisbeingusedtosmdyH. 
c.p.„,«,«». genes and was origtnallyproposedbyJ.DeRisi who has extensiveexpertence 

with genome wide expression monitoring. DeRisi & Iyer U(l) CUKK. OP.N. Oncol. 76-9 
( 1 999) The method is diagrammed in Figure 1 5 . 

The basic approach is to use RNA from the isogenic strains with or without the 
DNABPGs that were grown in germ tube-inducing conditions to prepare labeled cDNA. 
PolyA+ RNA are prepared from total RNA usmg an oUgo dT column and are used to prepare 
33p.,abeled firs, strand cDNA to probe membranes spotted with C. albicans genomtc 
fragments prepared as described below. 

The mini-array approach usmg PCR products spoUed onto nylon membranes follows 
proceduresdescribedfor^. cere.,iae. Cox et al. The use of nylon membranes rather than 
glass chips is chosen because of the greater ease of sample application and because of the 
abilitytoanalyzetheresultsustnglmagcQuantsoftwareandaPhosphorlmager. 

The membranes are prepared by robotically spotting PCR products amphfied from 
30 genomic inserts. 0.5-2.0 kb in size, cloned in pBluescrip. using universal primers (see F.gure 
14 arrows) The PCR reactions are performed using intact organisms from colomes that 
hale been spotted from an agar plate containing the E. col, transformants harboring plasmtds 
with genomic inserts to microtiter dishes. The presence of a PCR product in each reaction m 
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""'A.in,-»av— espo„edwi.hPCRp.o<iuc.sis.he„behybridiz.^^^^^^^ 

„e„anaa.fe.„.spott.n,erf,c.e„cies,*esa.e — 
---------- - 

with hot SDS solutions to remove at least 97.5 /oot me gi ^ c 

■ -^r, 33p laheied DNA representing HWi'i, At^n, i^^^^^ 
the membranes, hybridizations using P-labeiea uin/v v 

different hybridizations with the same probe. The ratio snouia 
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strains lacking this gene. „fnNA in the spots is controlled by the 

TO turtherverifythattheexpresstonofDNAmt J p^R product used 

,«,Kor.e.nh,otsarepe— ass^^^^^^^ 

— — rtargetgeneseontrolledhythe^ 
„tHev,ngthe..»«eo,onyharhonngtheplas— 
^,_,„s..als..ththe — 

the plastnid insert is determined by dideoxyn 

The genes are analyzed by SI „,otein metabolism, signal 

..emncttona ,categoryofthegeneproduct,cel«^n^^^^^^^ 

for the presence of the UAS or UK forms the bases of new hypotheses 

„fh,ndingof,heDHABP.Theident.tyofa.eg e o^^^ 

,,.tpa.ogeniemeeh»ismsth.— ^^^^^ 

— :rpr:dr^^^^^^ 

•'-^..dmicroarrayapproachestopathogen— 

:r:— ~— ^ 

A /^r nhm<; for C a/bican5 is imminent, 
membranes and/or chips tor c. differential screenmg of C. 

...alternativeapproachtote™™-^^ 

„,6,ca„. cDNA libraries are pertorn^ <1 ^^^^^^^ 
0 during germ tube induction, a lambda ZAP ^ ^^^^^^^ ^^^^ 
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„,embranes above. For ide„tif,cat,on of targe, proteins that are repressed dunng yeast 
„owth. a yeast-phase cDNA Hbrary is prepared usi,>g poly A.mRNA ,so,ated from yeas, 
Ls groins a, 3rC. .he physiologically relevan, temperature, in YNB. The library wtll be 
proped with »P-labeled first strand cDNA prepared from PolyA+ RNA from the isogemc 
strains with or without the DNABPGs that were grown as yeasfs usmg the previously 
described conditions. 

eDNA clones that display differing si^al s,reng,hs depending on whe,her the probmg 
CDNA was prepared from suains with or without the DNABPG, as assessed by 
autoradiographic si^al intensit.es. is pla,ue-purified. As for the mini-array experrments, 
intensities of s.gnals of each clone are determined with toageQuant software and rattos 
determined for each clone for the different labeled cDNA species. The mtensity ratto of 
clones with HWPI DNA serves as a standard for the level of difference that would be 
expected for other genes regulated in a similar mamter and to verify that the des.gn 
successfully identifies genes controlled by the DNABPG. The ratios of -."3 m 
intensities, and the dtrecfionofthedttferenee. ...increased or decreased for DNABPG null 

mutant cDNA compared to isogenic stratns wtth the gene is tabulated. If the DNABPG ,s 
important for expression of a given hypha-speeific gene, either as an activator or as a 
repressor, the level of mRNA for the hypha-specific gene is decreased or mcreased 
respectively in the null DNABP mutant compared to isogenic strains (tncluding a 
complemented strain) harboring the DNABPG. 

Various modifications and variations of the described methods and systems of the 
invention wtll be apparent to those sktUed in the art without departing from the scope and 
spirit of the inventton. Although the inventton has been described in com,ection wtth specf.c 
preferred embod.ments. it should be understood that the invention as cla.med should not be 
unduly limited to such specific embodtments. Indeed, various modifications of the desenbed 
modes for carryingout the mvention which are Obvious to those sldlledmmolecularb,ology 

or related fields are intended to be within the scope of the following clatms. 

The disclosures of all references and pubheations cited above are expressly 
incorporated by reference in their entireties to the same extent as if each were incorporated by 

reference individually. 
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